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ABSTRACT

This project aims to provide a culture-ecological explanation of variation and
change among microblade-based societies in Northeastern Asia during the late
Pleistocene and early Holocene between c. 30,000 - 6,000 years ago. Assuming that
paleoenvironmental changes stimulated cultural changes due to available food resources
and that local environment conditioned cultural variation, the development of
microblade-based societies can be divided into four phases (c.30-22 kya, 22-15 kya,
15-10 kya, 10-c.1 kya uncal. BP) in four regions (north continental, south continental,
north insular, and south insular).
The study’s macroecological approach based on Constructing Frames of Reference
(Binford 2001) is applied to elucidate the dynamics and mechanisms of cultural variation
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and change among microblade-based societies. After mapping the main impacts of Last
Glacial Maximum (LGM) climatic conditions on the lifeways of hunter-gatherers, output
files of the EnvCalc2.1 program under glacial and interglacial climatic conditions provide
comparative frames of reference for the microblade-based societies in Northeast Asia.
This dissertation combines the macroecological approach, the paleoclimate record, and
lithic technological organization against the background of two waves of cultural change.
The first wave involved the formation and convergence of microblade-based societies (in
MIS 3 to MIS 2, Phase I to Phase II), referring to case studies in the “Southern Siberia
Belt” and Northern China, while the second wave was the development and ultimate
divergence of microblade-based societies (MIS 2 to MIS 1, Phases II and III to Phase IV),
involving case studies in the Japanese Archipelago, Eastern Siberia, Northern China, and
the Tibetan Plateau.
The six case studies suggest that the macroecological approach is much more
productive and has greater explanatory power than previous, culture-historical studies of
the microblade phenomenon. The results of the analyses suggest that the origin and
spread of microblade technology involved complex cultural processes driven by the
reduction of ungulate biomass under LGM climatic conditions and existing local
technological traditions, rather than being simply explained by human migration events
eastward to the Paleo-Sakhalin-Hokkaido-Kuril (PSHK) Peninsula and southward to
Northern China from the Transbaikal region of Eastern Siberia. During the Pleistocene to
Holocene transition, the shift from Late Paleolithic to Mesolithic-like industries in the
Japanese Archipelago and Eastern Siberia, hallmarked by replacement of microblade
technology with alternative stone point technologies, was associated with relatively
x

higher percentages of aquatic resources in human subsistence, adoption of ceramic
technology, and the establishment of sedentism. The adoption of agriculture in Northern
China was associated with decline of microblade technology during the early Holocene, a
phenomenon that is explained in the macroecological approach by replacement of
hunting-dominated economies by gathering- and/or- fishing-dominated economies linked
with population growth during the interglacial or interstadial periods, matching the maps
under the packed condition of regional population. The three stages of development of
microblade-based societies on the Tibetan Plateau witnessed colonization from the
northeastern and southeastern edges of this major upland, suggesting that the combination
of hunting-gathering and farming economies helped early Tibetans to fully occupy the
Earth’s highest associated with low effective temperatures and a short growing season.
Thus, the diversification of microblade-based societies during the post-LGM resulted as
responses to diverse environmental conditions across this vast region of the world during
a time of major climatic fluctuations.
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CHAPTER 1
Introduction

1.1 Research Questions
The subject of this dissertation is to take a new, macroecological approach to the role of
microblade technology in the development of human adaptations in NE Asia, especially
northern China, during the closing millennia of the Upper Pleistocene and across the
Pleistocene-Holocene transition. Microblades were elaborately produced from small,
specially prepared cores of fine-grain stone. They possess parallel-sided edges, and,
according to the definition used here, are less than 3 mm thick and 7 mm wide (S.-Q.
Chen, 2008b; Dixon, 2010). They were generally designed to form small, razor-sharp
rows of stone that create continuous cutting edges inserted in slots grooved along the
sides of wood, antler, or bone projectile points, as well as in knives and sickles.
Archaeologists argue that people often and mainly used the microblade-equipped
projectile points to hunt mammals using a spear thrower (Dixon, 2010, 2013), and this is
supported by recent experimental archaeology and micro-wear research (Iwase, Sato,
Yamada, & Natsuki, 2016; Pétillon, Plisson, & Cattelain, 2016; Sano, 2012; Sano, Denda,
& Oba, 2016). The rapid spread of microblade technology is also related to “the First
Americans” problem, especially with regard to the Paleoarctic tradition (Goebel & Buvit,
2011b; Meltzer, 2009). Archaeologists have observed that microlithization in lithic
technology was a near-global phenomenon (Elston & Kuhn, 2002). This generally
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happened near the end of the Pleistocene, correlated with Marine Isotope Stage 2 (MIS 2,
30-10 ky uncal. BP.), the height of the Last Glacial and the Late Glacial. However,
microblade technology in NE Asia and NW North America was geographically isolated
from its contemporaries in the Near East, Europe, and Africa. Until now, the
culture-history paradigm has dominated microblade research, with the assumption that
each group used its unique aspects of technology. This approach is used to trace human
migration and technological transmission based on types of microcores (Gómez Coutouly,
2011; Kato, 2014, 2015; Smith, 1974b; Y.-P. Wang, 2018a). However, based on recent
readings and my replication of microblade production, this study argues that the
typological approach to microcores neglects the whole technological process of making
composite tools. Several researchers have noticed that production methods should be
flexible and that the importance of core types is overstated (Bleed, 1996; C. Chen &
Zhang, 2018), but the culture-historical paradigm (assuming that “types are real”)
focusing on origin and spread of microblade technology remains the mainstream of
microblade studies (Ikawa-Smith, 2007). After the publication of Thinking Small (Elston
& Kuhn, 2002), arguments for standardization of technology, conservation of raw
material, microlith function as elements of weaponry to hunt ungulate prey, and
comparative advantage relative to other technology (large, uni-element stone and organic
points) have arisen, but none of these have satisfactorily explained prehistoric
hunter-gatherers’ behavioral underpinnings of the continent-wide microlith phenomenon,
especially as compared with the still-pervasive culture-historical approach to
“explanation” of the origin and spread of microblade technology (C. Chen, 1992; Gómez
Coutouly, 2011; Kuzmin, Keates, & Shen, 2007a; Smith, 1974a, 1974b).
2

To solve the long-standing dilemma of the technological approach, I propose the
concept

of

“microblade-based

societies” to

synthesize the lifeways

of the

hunter-gatherers who widely shared microblade technologies throughout NE Asia (N.
China, Japan, Korea, E. and C. Siberia, and Mongolia). This concept is used to
characterize a socio-technologically adaptive radiation of human groups after the Last
Glacial Maximum (LGM) across NE Asia, in which people adopted microblade
technology as the basis for the lithic elements of composite tools/weapons to help
organize their lives in their territories, depending, of course, on the availability and
quality of local lithic resources.
This new approach aims to decode the complicated relationship among foraging
societies, microblade technology, and climatic variation, and to explain cultural processes
of Ice Age hunter-gatherers among microblade-based societies. The main research goal of
this dissertation is to investigate how hunter-gatherers organized and managed their
microblade-based societies in NE Asia as they adapted to the changing climatic
conditions of late Pleistocene (LGM and Bölling/Alleröd interstadial) and early Holocene.
It is expected to provide an alternative macro-scaled explanation to prior cultural
historian migrationist and diffusionist explanation of microblade technology in NE Asia.

1.2 Organization of the Dissertation
The dissertation will be divided into three parts (Fig. 1.1).
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PART I: Set the Stage
Rethinking of previous studies
on microblade technology

Geography and paleoclimate

Proposal of the concept
“microblade-based societies”

PART II: Temporo-spatial framework of microblade-based societies
Four regions
(coastlines and 40°-42°N)

Four phases
(climate change)

A setting for exploring causes of variation and
change of microblade-based societies

PART III: Macroecological approach
Theories and Methods
Developing frames of reference: under
modern and LGM environment
conditions

MIS 3 to MIS 2
transition

Microblade-based societies in NE Asia

Phase I  II
Formation & Convergence
•
•

MIS 2 to MIS 1
(Pleistocene to
Holocene) transition

Phase II/III  IV
Disappearance & Divergence

Siberia
Northern China

•
•
•
•

Japanese Archipelago
Eastern Siberia
Northern China
The Tibetan Plateau

Figure 1.1 Outline of the dissertation

The first part is to set the stage for the study of microblade technology and
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microblade-based societies in NE Asia (Chapter 2). In this part, I will provide a brief
introduction on microblade technology and research history of microblade studies across
NE Asia, followed by criticism of culture-history paradigm on origin and spread of
microblade technology. Then, geography and paleoclimate of NE Asia will be outlined,
especially with respect to climate change during MIS 2, which will provide temporal and
spatial dimensions for the archaeological record and development of a macroecological
approach.
The second part is on the temporo-spatial framework of microblade-based societies
based on current knowledge (Chapter 3). In the beginning of this part, to effectively study
cultural change of ancient foraging societies in NE Asia, the concept of
“microblade-based societies” is proposed to develop a human adaptation-oriented
approach, focusing on how humans equipped with microblade technology adapted to
LGM and post-LGM environments across NE Asia. Using coastlines and the 42.6°N
parallel of longitude (matching ET=12.75°C) (Binford, 2001: 388), which was also the
southern limit of the Mammoth-Steppe during the LGM (Graf, 2008: Fig. 1.1), this
project divides NE Asia into four geographic units. Meanwhile, according to changes of
paleoclimate, microblade assemblages, and human adaptive strategies, microblade-based
societies in the NE Asia can be divided into four temporal phases: the pre-LGM period
(c.30-22 ky uncal. BP), the LGM and early post-LGM Pleistocene (Dryas I) (22-15 ky
uncal. BP), the terminal Pleistocene (15-10 ky uncal. BP), and the Holocene
microblade-based societies (10-c.1 ky uncal. BP).
The third part is the main body of the dissertation (Chapters 4-8). It constitutes an
application of the macroecological approach to develop testable explanations for cultural
5

change among microblade-based societies in NE Asia, based on environmental and
ethnographic frames of reference in addition to the patterning observed in empirical
archaeological data, during four phases in the late Pleistocene and early Holocene. After
introducing theories and methods of the macroecological approach, two sets of input
database (under LGM and modern climatic conditions) run in the EnvCalc 2.1 program
created by Binford and Johnson (2014), and then two output files linked to behaviors and
social organization of hunter-gatherers are produced (Chapter 4). In Chapter 5,
comparison of the variables using ArcGIS mapping provides macro-scaled pictures of
human adaptation to signal the impacts of environmental change (glacial-interglacial
cycle from MIS 3 to MIS 2 to MIS 1), through a series of models and ethnographic
projections (Binford, 2001; Johnson, 2014). The next two chapters are composed by six
case studies done under the aegis of a macroecological approach. Chapter 6 is on the
formation of microblade-based societies, which is linked to the issue of origin and early
spread of microblade technology across NE Asia. The “refugium model” used by earlier
studies, that is, human abandonment of their former habitat in Siberia and migration
eastwardly to the maritime regions or south-eastwardly to N. China, is tested against the
macroecological approach. Then in Chapter 7, four regions in NE Asia, including the
Japanese Archipelago, E. Siberia, N. China, and the Tibetan Plateau, are studied as cases
of cultural change during the Pleistocene-Holocene transition.
In summary, the dissertation argues for the appearance of microblade technology as
emergent processes, rather than historical events, which needs be explained in connection
with ecological factors, technological innovation, and the foraging behaviors of
hunter-gatherers. This project is expected to provide an alternative explanation to the
6

mainstream culture-historical approach to microblade technology. With the aid of the
macroecological approach, a subcontinental study of microblade-based societies can
contribute new ideas on cultural changes among the foraging societies that experienced
dramatic environmental change, free archaeologists from the non-explanatory typological
approach to lithic assemblages, and usher in a new era in explaining variability and
change of foraging societies during the end of the Last Ice Age. Microblade studies are
ultimately expected to be more scientific, more anthropological as a result of the
approach taken in this dissertation.
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CHAPTER 2
Current Knowledge of Microblade Technology

In the beginning of this chapter, I present a short introduction to microblade
technology. By reviewing previous definitions of microblades and related artifacts,
especially microcores 1, the definition used in this dissertation will be established. Then,
the research history of microblade technology is outlined, especially focusing on several
archaeologists’ works on the origins and spread of microblade technology in NE Asia,
against the background of studies on global microlithization and northern circum-Pacific
human migrations during the Last Ice Age. Criticisms of the culture-historical approach
are then discussed because of its implicit assumptions. Although some archaeologists do
point out some adaptive advantages of microblade technology, the functionalist approach
has not really proposed an effective method to study sub-continental scale technological
change. Then, another type of current knowledge – geography and paleoclimate – is
discussed, to set forth the spatial (geographic) and temporal (Late Quaternary climate
change) settings for the framework of studying microblade-based societies in Chapter 3.

2.1 Microblade Technology
Microblade technology, literally, means lithic technology (or techniques) to produce
and use small-size blades from chunks of stone. The techniques are always associated

1

The full name of microcore is microblade core. The dissertation adopts “microcores” unless in the original citation.
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with specific ways of working stone in the northern Circum-Pacific during the Upper
Paleolithic, such as, wedge-shaped core preparation (Kuzmin, Keates, & Shen, 2007b).
Several archaeologists provide various definitions, some of which are listed below (Table
2.1).
Microliths 1 are lithic artifacts produced by special techniques, mainly using indirect
percussion to produce microblade from microcore. Microblades were modified to become
edges with different forms to equip composite tools made of bone, wood and others. (An,
2000: 45)
Microblade technology basically is a set of related methods to produce the maximum number
of cutting edges from small pieces of raw material, such as small cobbles or pebbles. It is also
a method of producing sharp-edged flakes that can easily be hafted (and removed when
dulled) or mounted on organic (wood, bone, antler) tools. (Ames & Maschner, 2000: 71)
A microblade is defined as “a type of flake whose length is greater than twice its width and
whose width is less than 1.2 cm”, while microblade cores have a single striking platform and
from this a series of small flakes are detached. (Akazawa, Oda, & Yamamaka, 1980: 74; from
Keates, 2007)
Microblade technology/technique is a technology to produce standard microblades from
sophisticated-prepared bifacial blanks using pressure flaking or indirect percussion methods.
Microblades are parallel-sided and even-thicken flakes with thickness <3mm, width <7mm,
which were used edges inset in slots of antler or bone tools. It is a kind of lithic technology
popular in East Asia, NE Asia, and NW North America during the Late Upper Paleolithic
(LUP) (S.-Q. Chen, 2008b: 245)
Microblades are tiny stone blades, usually .5 cm (.25 inch) wide and generally no more than 2
cm long. They are parallel-sided flakes that have been struck from a stone core especially
prepared to produce them, In some cases, microblades were inserted in slots carved in the
sides of projectile points manufactured from organic materials, such as wood, bone, antler, or
ivory. These projectile points were secured to the end of spears or arrow shafts. Inset in a line,
they formed tiny razor-like rows of stone to create a long continuous cutting edge. In other
cases microblades may have been hafted in handles and used like modern razor blades or
scalpels. Microblades are commonly found in association with microblade cores (the larger
pieces of rock from which they are struck) and burins. (Dixon, 2010: 77-78)
Microblade: a detached piece that is twice as long as it is wide, ≤2 cm wide, ≤5 mm thick,
with parallel edges, and parallel ridges from previous blade removals. (Terry, Buvit, &
Konstantinov, 2016: Table 1)

Table 2.1 Definitions of microblades and microblade technology

The definitions cited above point to several common characteristics of microblades,

1

In the early years (and, for some scholars, still today), microblades were called as microliths in China
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including that they are parallel-sided, small-size, highly standardized blades, and were
used as edges of composite tools inserted into slots of organic artifacts. Different criteria
as to the dimensions of microblades, especially width and thickness, partly because of the
traditions of the different research regions of each author and perhaps the limiting factor
of normal nodule size in each lithological region. For example, the size of microblades in
North China is generally smaller than size in Siberia, so S.-Q. Chen adopted width <7mm
and thickness <3mm, as compared with Terry et al.’s width ≤20mm and thickness ≤5 mm,
and Dixon’s width ≤5mm. However, even in N. China, the size of microblades at the
Youfang site in the Nihewan Basin shows a continuum of microblade-blade artifacts
(personal communication with Hui-Jie Mei, 2015). Considering variation in the
definitions of microblades and changes of size, and perhaps of production methods, this
dissertation can only provide a general definition of microblades, as follows:
Microblades were elaborately produced from small, specially prepared cores of
fine-grain stone. They possess parallel-sided edges and were generally designed to form
small, razor-sharp rows of stone that created continuous cutting edges inserted in slots
grooved along the sides of wood, antler, or bone projectile points, as well as in knives
and sickles (Fig. 2.1). Considering the isolation and technological traditions of NE Asia
and NW North America, microblade technology is a specific lithic technology in the
northern circum-Pacific region.
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Figure 2.1 Illustration of microblade production and their use, reproduced from
Dixon (2010: Fig. 2 and Fig. 3)

This dissertation adopts broader concepts of microblade and microblade technology,
without overemphasis on techniques used to produce microblades, or on the size of
microblades. It emphasizes more the nature of microblades themselves – small-size and
standardized, which helps to avoid falling into the trap of controversial debates on the
early microblade production techniques and core types in continental NE Asia during the
pre-LGM (Kuzmin et al., 2007b). Rather than focusing on typology of microcores, this
definition emphasizes the general trend of microlithization in the NE Asia during the late
Pleistocene, especially MIS 3 and MIS 2.
2.1.1 Forms of Microcores
Microcores possess essential clues to study microblade technology in terms of
chaînes opératoires (similar to reduction sequences) or detachment methods, making
their study the most long-lasting research tradition in every country in NE Asia and NW
North America (Callahan, 1984; C. Chen, 1992; Gómez Coutouly, 2011; Kobayashi,
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1970; Kuzmin et al., 2007b; Smith, 1974b).
Bar-Yosef and Wang (2012) classified four (groups of) types of microcores in China:
(i) wedge-shaped; (ii) boat-shaped; (iii) conical, semiconical, and funnel-shaped; and (iv)
pencil-shaped cores 1. Considering the limited methods that existed with which to produce
microblades, these four types are also a good generalization of the types of microcores in
the whole northern Circum-Pacific. Among the four types, both wedge-shaped and
boat-shaped microcores have a wedge on the bottom to conduct force from the platform
on the top. The difference is that the wedge-shaped cores are widely associated with
relatively long and slender blade-producing surfaces, while the boat-shaped cores are
relatively thick and wide with rather short fluted surfaces (Seong, 2007). The difference
in width of platform associated with shape of microcores in terms of length/width ratio
can also be seen in Japanese and Chinese literatures (e.g., T. Tsutsumi, 2007; C. Zhao,
2015). The other two types of microcores are always assumed to have been produced by
the punch/indirect detachment methods (Inizan, 2012). Except in the case of semi-conical
microcores, the period of popularity of these microcores and detachment methods was
associated with the Pleistocene-Holocene transition and early Holocene, which is much
later than those of wedge-shaped and boat-shaped types.
No matter what kind of microcores are concerned, three elements can be always
found on microcores: a platform, a detachment face, and a bottom edge. According to my
personal experience in microblade production, the four types of cores are logically
connected (Table 2.2)

1

The third type includes 3 sub-types. This dissertation follows Bar-Yosef and Wang’s classification of microblade
cores, with a total of 4 types.
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Detachment method
Direct detachment
(hand-held pressure)

Boat-shaped
(without wedge)

Indirect detachment
and pressure with vise

Shape of microcores
Boat-shaped Wedge-shaped Wedge-shaped
(with wedge)
(wide)
(narrow)
Semi-conical
Conical
Pencil-shaped

Table 2.2 Relationship between detachment method and shape of microcores
Note: Upper-left to lower-right shows a trend of chronological change

Table 2.2 only shows logical links between detachment methods and shapes of
microcores, which simplifies variation among microcores and their production methods.
For example, to prepare a semi-conical, a conical, or a pencil-shaped microcore, it is not
necessary to prepare blanks in a wedge-shaped form. Table 2.2 only provides possible
connections among the forms of microcores. It follows the evolution of lithic technology
and dynamic typology. Hand-held pressure – using an antler tip (or wooden object) to put
pressure on the edge of platform and a piece of leather to protect another hand – is a kind
of direct detachment method, without the help of a separate vise to support the core,
which should be arranged in front of indirect detachment in the lithic percussion
technological sequence. To produce microblades from conical and pencil-shaped cores,
considering the difficulty of holding the cores, in addition to the need to support
microcores, some tools are needed either in the indirect detachment method using punch
or in the pressure detachment method using a long pressure “stick” in various ways (J. E.
Clark, 2012; Inizan, 2012).
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2.1.2 Methods of Microblade Production
Although methods to detach microblades from microcores are not the central topic
in this dissertation, it remains important to have a short introduction to basic knowledge
related to microblade technology, especially the types of microcores and their associated
detachment methods, to facilitate further discussion.
Kobayashi (1970) defines two systems of microblade production in Upper
Paleolithic Japan – System A and System B (Fig. 2.2). System A follows the sequence of
blank production  platform production  microblade detachment, while System B
consists of platform production  core shaping  microblade detachment. The key
difference between the two production systems is the application of bifacial blank
preparation. For System A this is associated with a complete bifacial production sequence,
including blank thinning, symmetrical modifying, and edge retouching. However, System
B is also associated with retouching at the bottom edge to drive forces from platform
down to the core bottom. In this sense, no matter which microblade production method is
adopted, bifacial techniques are always employed, partially or completely.
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Microblade production sequence
System
A

Blank production

Platform production

Microblade detachment

System
B

Platform production

Core shaping

Microblade detachment

Figure 2.2 Two basic microblade production methods (Kobayashi, 1970: Fig. 2)

Other Japanese archaeologists expanded Kobayashi’s typology, and identified more
than 10 local industries associated with different microblade detaching methods. Sato and
Tsutsumi (2007) find that two types of microblades in Japan – wide type and narrow type
– are associated with two groups of microblade production methods. The wide type
microblades were mainly detached by the Yadegawa method, producing Nodake and
Yasumiba type microcores; while the narrow ones were detached using Yubetsu and
other methods (see Fig. 2.3). In their paper, they provide a dichotomy of microblade
production methods – the Yubetsu and the non-Yubetsu –which correspond with
Kobayashi’s System A and System B.
Since the 1970s, several archaeologists in Japan, China, North America, Russia, and
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S. Korea have tried to build local techno-typological classifications based on microcores
and their production techniques (技法 giho, in Japanese), which is summarized by
Ikawa-Smith (2007) in her concluding paper for the edited book, Origin and Spread of
Microblade Technology in Northern Asia and North America (Kuzmin et al., 2007b, also
see Fig. 2.3).
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Japan

China

North America

Siberia

C. Chen (2007: Fig. 2.2, Fig. 2.3); Shen Ackerman (2007: Figs. 10.3 Mochanov (1980);
Sato and Tsutsumi (2007: Figs. 4.3, 4.4 and 4.14); Sano (2007);
(2007); C. Tang and Gai (1986: Fig.
and 10.7); Magne and Fedje (Gómez Coutouly,
Nakazawa, Izuho, Takakura, and Yamada (2005: Fig. 3)
7.12)
(2007: Fig. 11.3)
2018: Figs. 6 and 12)
Togeshita (>18,000 BP)
Yangyuan (Hutouliang)

Korea
Seong (2007: Fig. 7.3)

Rankoshi (>18,000 BP)

Pirika (<18,000 BP)
Dyuktai
Oshorokko (<18,000 BP)

Yubetsu
Shirataki (<18,000 BP)
Method

Denali
Sanggan

Wedgeshaped

Hetao

Sakkotsu (<18,000 BP)

Fukui (Saikai technique)

Xiachuan
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Type 1
Blank is bifacially
prepared, often
elongated and
oval-shaped

Horoka/Funano

Type 2
Unifacially flaked, or
lack any apparent
evidence of further
flaking and trimming
of the face

Boat-shaped
Northwest Coast

Hirosato

Type 4
Microcores based on
large blades or
elongated flakes

Momijiyama

Type 3
Platform is often
produced first with
subsequent working of
the surface; trimming
around the platform

NonYubetsu
Method
Nodake/Yasumiba (Yadegawa method)

Cylindrical
Conical
semi-conical
funnel-shaped

Late Tundra

Sumnagin

Unewara/Kajiyazono

Figure 2.3 Comparison of techno-typological classifications in NE Asia and North America (modified from Ikawa-Smith, 2007:
Table 12.2)
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From Fig. 2.3, we can get clear interregional equivalences of microblade production
methods associated with microcore types, especially the method linked to System A in
Kobayashi’s terminology (1970), the wedge-shaped microcore preparation method (in N.
China with some variations). This corresponds with the Yubetsu (Japan with at least 6
variations), the Denali (North America), the Dyuktai (Siberia), and the Type 1 (Korean
Peninsula). The other types of microcore preparation, except wedge-shaped ones, are
assumed to equal the types with Non-Yubetsu methods and their equivalents. However,
following what are discussed above in Section 2.1.1, almost all kinds of microcores need
a wedge on the bottom, so in some senses they are all wedge-shaped based cores. Thus,
this dissertation tends to simplify the classification of microcores into dichotomous
groups based on Kobayashi (1970), connecting bifacial blank type and platform
preparation, and simply naming them as System A (associated with Yubetsu/Dyuktai)
and System B (associated with Non-Yubetsu and its equivalents).
2.1.3 Microblade Technology as a Composite Technology
From the definitions of microblades and microblade technology mentioned in Table
2.1, it is clear that almost all only focus on the technology used to produce microblades,
although all of them emphasize that microblades were used to equip (arm) composite
tools. Among the definitions directly referring to microblade technology, Ames and
Maschner (2000: 71) define it as “a set of related methods to produce the maximum
number of cutting edges…” and S.-Q. Chen (2008b: 245) defines it as “a technology to
produce standard microblades”. Others, including An (2000) and Dixon (2010), mention

19

little about how to make composite tools or to put composite tools into the category of
microblade technology per se. This simple definition is understandable, because only the
lithic components of the composite tools have been preserved well and ubiquitously,
except in some cases of extremely rare and good preservation in the permafrost zones of
northern Siberia.
This dissertation, however, tends to adopt a new definition of microblade technology,
which can be linked with the definition of microblades provided earlier in this chapter.
Microblade technology does not equal to microblade production technology. As a series
of technologies to produce composite tools, it combines the technology to produce
microblades, the technology to produce organic component of the tool, and the
technology

to

combine

microblades

and

the

organic

component

together.

Correspondingly, these are technological organizations of producing microblades,
organic supports, and composite tools. The evolution of technological complexity has
been defined by Wendell Oswalt (1972: 30) as “in general, the addition of
configurationally distinct items or components indicates an increase in technological
complexity”. According to his categorization, microblade technology can be linked with
complex terrestrial-use weapons (Oswalt, 1972, 1976). This viewpoint has been
supported by recent experimental archaeological studies, which also suggests that the
spear thrower should also be used to make up long-distance hunting weaponry (Pétillon
et al., 2016; Sano et al., 2016).
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2.2 Origin and Spread of Microblade Technology in the Northern Circum-Pacific
Archaeologists have noticed that the distribution of microblade assemblages in the
Late Pleistocene and the Early Holocene was an inter-continental phenomenon, which
even lasted until the historic age in some regions (e.g., C. Chen, 1992). Microblade
assemblages have been found both in NE Asia (N. China, Japan, Korea, the Russian Far
East, E. Siberia and Mongolia) and NW North America (especially Alaska), i.e., both
eastern and western Beringia.
Until now, the discussion of the origin and spread of microblade technology has
been the central topic of microblade technology studies. In addition to many research
papers published in journals, several edited books have been published on the subject
(Browman, 1980; Bryan, 1978; Goebel & Buvit, 2011b; Kuzmin et al., 2007b; West,
1996) and some scholars chose it as the research question for their Ph.D. dissertations
(e.g., C. Chen, 1992; Gómez Coutouly, 2011; Smith, 1974b). These works mainly focus
on a limited series of research questions, including when and where the first microblade
technology began, how the microblade technology spread to other places, how the local
microblade industries developed in terms of types of microcores, and so forth. Different
viewpoints on the origin and spread of microblade technology are listed in Table 2.3.
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Viewpoints

Criticism

Microblade technology originated in Siberia
Microblade tradition may originate in Baikal region
(Pei, 1948, 1954)
Microblade technology emerged in eastern Yakutia
long before the LGM, based on evidence from three
key sites – Ikhine-2, Ust’-Mil’-2, and Ezhantsy
(Mochanov, 1977, 1978).
The hiatus in the archaeological record between
19,000 and 18,000 B.P. suggests that humans left
Siberia during the LGM and that microblade
technology originated in temperate Asia, perhaps in
central or eastern Mongolia (Goebel, 2002).
Atypical microblade cores occur at Ui 1 and also at
the MUP Tarachikha and Afanas’eva Gora sites in
the Yenisei River. Microlithic technology shows
gradual development in the UP of Siberia. (Vasil'ev
2005, Keates's personal communication, Keates,
2007)
Microlithic technology first emerged in the
trans-Baikal of Siberia from local blade technology
(agrees with Goebel, 2002), and then diffused into
North China due to hunting Mammuthus-Coelodonta
fauna which migrated southward prior to the LGM
(Zhu, 2006, 2008)
Microblade technology first appeared in the Altai
Mountain area during the Middle to Upper Paleolithic
transition (35 ky uncal. BP), and then subsequently
appeared in S. Siberia, the Transbaikal (Kuzmin,
2007)

The chronological evidence shows a W-E pattern –
the earliest microblade sites are in the Russian Far
East, China, Korea, and Japan (Keates, 2007)
Northern microblade industry appears earliest in
Siberia, and then spread eastward and southward
25-20 ky uncal. BP. During the LGM, the north type
of microlithic industry arrived in N. China through
NE China corridor, and human groups in the N.
China imitated the wedge-shaped microcore or
change their domestic one to microblade technology
on the basis of their own flaking technology. (Kato,
2015)
The birth place of the microblade technology is
presumed to be high-latitude Siberia rather than N.
China, and its origin should be traced back to the
Early Upper Paleolithic (EUP) (Yi, Gao, Li, & Chen,
2016)
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This viewpoint was criticized by Chinese
archaeologists after discovering several Paleolithic
sites in N. China (An, 1978; Jia, 1978)
Those sites appear to be in secondary contexts, so
that radiocarbon ages associated with lithic
industries cannot be reliably connected (Goebel,
2002)
Siberia was not abandoned, and microblade
technology rooted in Siberia (Kuzmin, 2008)
Microblade technology should origin in N. China,
rather than Transbaikal and/or E. Mongolia (S.-Q.
Chen, 2004)
Later Upper Paleolithic (LUP) industry shows
significant difference with the Middle Upper
Paleolithic (MUP) industry in Upper Yenisei River
Basin, suggesting that microblade technology
came from other regions, such as Japan via the
Russian Far East (Graf, 2009b, 2010)
See S.-Q. Chen (2008b)

See the viewpoint of abandonment of Siberia
during the LGM (Goebel, 2002; Graf, 2005, 2010,
2015); Buvit, Terry and their colleagues insist on a
Paleo- Sakhalin-Hokkaido-Kurile (PSHK)
Peninsula origin of microblade technology (Buvit,
Izuho, Terry, Konstantinov, & Konstantinov,
2016b; Buvit & Terry, 2016; Terry et al., 2016)

In this paper, Kato says that there are no
chronological data to support the hypothesis of a
NE China corridor (this project).

Microblade technology originated in North China
Microblade technology derived from small tool
tradition in the north China. It spread to Siberia,
North America, and Japan. It also diffused to Central
Asia via the Hexi Corridor, and arrived SW China via
the east edge of the Tibetan Plateau (Gai, 1978; Jia,
1978; Jia, Gai, & Wei, 1972)
Microlithic cultures may come from cultural
interaction, but this viewpoint cannot exclude the
possibility that blade technology in the Shuidonggou
culture evolved to microblade subindustry. However,
there are still some missing links. (S.-S. Zhang, 1990)
Microlithic culture (in NE Asia) may originate from
the Donggutuo Culture in the Lower Paleolithic in the
Nihewan Basin (Hou, 2003).
Microblade technology would appear earliest in the
joint zone between the boreal forest and cool
temperate grassland, where ecological system are
most sensitive to environmental changes (S.-Q. Chen,
2004; also see S.-Q. Chen, 2008b).

The earlier dates for microblade technology in the
Altai and the rare occurrence of blade tools in
China, suggesting that it did not originate in
China. However, the possibility remains that
microblade technology in China is earlier than
might be assumed on the evidence presently
available (Keates, 2007)

Most archaeologists do not believe that microblade
technology rooted in Lower Paleolithic industries.
Microblade technology can be invented, forgotten,
and reinvented (Bar-Yosef & Kuhn, 1999).
This viewpoints ignores the sites dated to
pre-LGM in Siberia (Kato, 2015)

Microblade technology originated in N. China & Siberia
Wedge-shaped microcores have two types: the
Xiachuan type and Hutouliang Type. The Xiachuan
type may originate in N. China (specifically, Ice Age
Bo-Yellow-East China Sea Plain), while the
Hutouliang type may be born in Siberia (Du, 2004)
The emergence of microblade technology in North
China around 29-26 ka BP might be influenced by
environmental changes during the MIS 2, which
pushed the peoples in the Altai and other central
northern Asia to migrate southward to N. China with
their new lithic technology. Subsequently in N.
China, the emergence and dispersal of the boat-shape
microcore technology reflects the adaptation strategy
of the local populations, dealing with environmental
changes during the LGM. The advance and retreat of
the Hutouliang-type wedge-shape microcore
technique also shows the coupling of the mobility and
environmental changes in NE Asia during the
terminal Pleistocene.(Y.-P. Wang, 2018b)
Microblade technology at the Shizitan site on the
North China Loess Plateau should be introduced from
regions further north, such as Shuidonggou site and
sites in the Altai (Song et al. 2019)

No evidence supports the early microblade
technology in the Ice Age Bo-Yellow-East China
Sea Plain (this project)

No direct evidence supports the viewpoint that
people equipped with blade-microblade
technologies moved southward and arrived in N.
China (this project)

Table 2.3 Viewpoints on the origin and spread of microblade technology in NE Asia
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Ikawa-Smith (2007) has concise comments on this issue, as follow. Among the five
regions – China, the Japanese Archipelago, Korean Peninsula, Siberia, and NW North
America – the birthplace of microblade technology should not be northern America and
Japan, because the earliest microblade assemblage in the NW North America named as
the Denali complex horizon at Swan Point in central Alaska is dated to c. 11.6 or 12.36
ky uncal. BP., and the appearance of microblade technology is obviously due to
migration or diffusion from the Asian continent. She summarizes the viewpoints reflected
in the papers of the volume edited by Kuzmin et al. (2007b), noting that the other three
regions have been claimed to be the birthplace. However, according to Norton and his
co-authors (2007: 101), “Korean microliths are considered as one branch of the general
East Asian tradition developing sometime after” and Seong’s (2007) suggestion that the
Korea Peninsula was a part of continental Asia, the birthplace of microblade technology
should be in N. China or Siberia. Yi et al. (2016) also summarize four hypotheses on the
origin of microblade technology, including Siberia before the LGM, Siberia after the
LGM, N. China from the long-narrow flake tradition, and the possibility of multi-regional
origins.
Debates on whether microblade technology originated in the N. China or Siberia
include: (i) can small cores of the Altai Mountains (at least c. 35 ky uncal. BP) be
described as microblade core or “proto-wedge-shaped” cores (Ikawa-Smith, 2007)? and
(ii) can radiocarbon ages associated with lithic industries in Siberia and China prior to the
LGM be reliably connected (Goebel, 2002)? The first question is related to the
identification of microblade technology and standard method, i.e., using wedge-shaped
core, to produce microblades. Sites in the Altai Mountains associated with microblades or
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bladelets dated to 37-26 ky uncal. BP include Ust-Karakol 1, Anui 2, Denisova Cave,
Kara-Bom, Anui 3, and Kara-Tenesh. According to Keates (2007), this region yields
evidence of co-existence of Levallois and (proto-)wedge-shaped core production
techniques. The flat-faced core found in Layer 11 of the Denisova Cave (29,200±360 BP,
AA-35321) is different from the wedge-shaped core, because the latter shows microblade
detachments only from its end, rather than from its sides which the flat-faced core has
(Keates, 2007). According to excavation reports, especially by Derev'anko and his
colleagues, most of cores are labeled wedge-shaped or pyramidal types (Derev'anko,
Powers, & Shimkin, 1998). According to the broad definitions of microblade and
microblade technology adopted in this dissertation, the microblades/bladelets produced
from the Levallois or proto-wedge-shaped cores are accounted for in microblade
assemblages, but it is noted that they were only distributed in limited regions, and
microblade production from microcores was not systematic (i.e., not all were
continuously produced or parallel-sided), similar to other pre-LGM sites associated with
microblade assemblages in N. China and Siberia.
The second question is about dating issues, focusing on associations between
microblade assemblages and their contexts with materials for chronometric dating during
the pre-LGM. Not only are the associations in Siberia questioned (Goebel, 2002), but also
those in N. China do not have reliable associations (S.-Q. Chen, 2008b) or lack
chronometric dates altogether.
Except for some recent works adopting functional-adaptive viewpoints (e.g., Bleed,
1996, 2002; S.-Q. Chen, 2008a, 2008b; Dixon, 2010; Elston & Brantingham, 2002;
Goebel, 2002; Nakazawa & Akai, 2017; Song et al. 2019; Yesner & Pearson, 2002; Yi et
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al., 2013), most publications insist on a culture-historical approach with which to trace
human migration and cultural diffusion. That is, the adoption of microblade technology
was the result of either people who first used it migrating to other places or their
knowledge diffused via inter-group contacts into other regions (Du, 2004; Kato, 2014,
2015). In Japan, during the 1950s to 1990s, the main research goal was to establish
cultural chronologies and traits of Upper Paleolithic sites (Izuho, 2013), but the same task
has not yet been finished in N. China, Mongolia, or Siberia. Until now, in NE Asia, only
Japanese scholars have almost totally changed their research focus from cultural
sequence-building

to

a

functional-adaptive

approach.

Inspired

by

American

anthropology-and-science-oriented New Archaeology, Japanese archaeologists began to
reconstruct microcore manufacturing technology during the 1970s, to reconstruct entire
reduction sequences from excavated sites during the 1980s, and to apply geoarchaeology
and evolutionary ecology to the study microblade assemblages in 2000s, especially in
Hokkaido (Izuho, 2013). Some Chinese archaeologists (though not ones in the
mainstream) also began to adopt a functional-adaptive approach (e.g., H. Chen, 2010; H.
Chen, Chen, Wang, & Shen, 2013; S.-Q. Chen, 2008a, 2008b; S.-Q. Chen & Li, 2014;
Xie, 2000; Song et al., 2019; Yi et al., 2013). However, pictures of archaeological
assemblages and their chronology and technological variation in NE Asia have not been
clearly drawn yet, and tracing the origin and spread of microblade technology continues
to be the central topic (Kuzmin et al., 2007a).
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2.3 Criticism of the Culture-Historical Approach
Although no one doubts that the origin and spread of microblade technology is still
one important issue in NE Asian Upper Paleolithic research, its culture-historical logic is
questionable. Its importance in the research on microblade technology is not the most
important issue, either, comparing with the big picture of human adaptation during the
end of Ice Age in the northern circum-Pacific.
The culture-historical approach was adopted by archaeologists to discuss
development and variation in the archaeological record, and thus was an important (and
enduring) stage in the history of archaeological thought (Trigger, 1989, 2006). Matthew
Johnson (2011) has a critical comment on this kind of approach, as follows: cultural
historians created innocent equations such as artifacts = culture = (a group of ethnic)
people and data = explanation, based on two assumptions – (i) that the artifacts are
expressions of cultural norms, ideas in people’s heads, and (ii) that those norms define
what ‘culture’ is. They result in at least two consequences: (i) the tendency to
particularize, and (ii) the usage of migration/diffusion to explain cultural change. There is
no theory to explain variation in the archeological record in the culture-historical
paradigm; the only related implication is that different ethnic groups produced different
assemblages, making interassemblage variability self-evident – it does not need to be
explained. Archaeologists still use this paradigm to study the origin and spread of
microblade technology in the NE Asia – there was an origin center, and the technology
was diffused to other regions, especially via human migration.
It is noted that there is no reliable causation linking the origin and spread of any
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specific technology, especially a lithic technology during the Pleistocene, when people
adopted mobile lifeways with low population density, since some local groups
undoubtedly went extinct and new technologies could not be transmitted to the next
generation. Although there is little discussion on the mechanisms of the culture-historical
approach to the microblade technology in the northern circum-Pacific, most of the
research on the origin and spread of microblade technology employs the human migration
hypothesis (Du, 2004; Kato, 2015; Song et al. 2019; Y.-P. Wang, 2018b; Yi et al., 2016;
Zhu, 2006), especially on the appearance of microblade technology based on the
bifacially prepared microblade production method in the Nihewan Basin in N. China,
archaeological sites including Hutouliang, Xishuidi, Jijitan, Yujiagou, and Ma’anshan
(S.-Q. Chen, 1996; Gai & Wei, 1977; Mei, 2007). The appearance of microblade
assemblage in the Paleo-Sakhalin-Hokkaido-Kurile (PSHK) Peninsula during the LGM
was explained as human immigration from the Transbaikal (Buvit et al., 2016b; Buvit &
Terry, 2016; Graf, 2009a, 2009b; Inizan, 2012: Fig.2.11), on the rise of microblade
technology in Siberia after the LGM due to human recolonization (Goebel, 2002), and the
appearance of microblade assemblages in Alaska toward the end of the Ice Age was
explained as the consequence of microblade-equipped humans (the Paleoarctic tradition)
migrating from Siberia (Goebel & Buvit, 2011b). The assumption is that “after it
originated, it must have spread”. In addition to the local population extinction possibility,
there are two main weaknesses in this assumption:
First, since there are only a few methods to produce microblades which are reflected
in microcore types, there is no guarantee that later production methods are descendants of
the earlier ones (and not independent inventions or technological convergences). Thus,
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archaeologists lack an effective methodology with which to connect microblade
assemblages in terms of cultural relatedness. There is no attribute with which to trace
biological migration because of inadequate samples of human skeletons associated with
microblade assemblages and thus no genetic materials for ancient DNA analysis. In
addition, compared to changes in the form and decoration of ceramics, the typological
approach on microcores has no means with which to study cultural drift in terms of
“Darwinian” archaeology. Microcores are by-products of lithic production, rather than
bifacial points (products) which may encode more ethnic-identity information (Wiessner,
1983), and which thus can potentially be used to trace human interaction among the
Paleoindians of North America, for example. Some ethic information may exist in other
artifacts, including possibly decorated shafts for microblades, but they were not
preserved.
Second, it does not take into consideration the possibility of multiple centers of
origin, although some archaeologists suggest N. China-Siberia as two origin regions in
terms of “the Xiachuan type” and “the Hutouliang type” cores (Du, 2004), or N. China as
a secondary origin center after adopting and adjusting the “northern microblade
technology” from Siberia according to local raw materials and pre-existing technologies
(Kato, 2015; Y.-P. Wang, 2018b). Most archaeologists tend to draw single cultural
transmission lines across different regions, for example, mapping technological diffusion
due to human migration in the Transbaikal and the PSHK (Buvit et al., 2016b: Fig. 3),
and from the Transbaikal to N. China (Yi et al., 2016; Zhu, 2006, 2008). Microblade
technology is assumed to be a significant technological invention or cultural innovation,
which would automatically spread from an origin point to its adjacent areas and even
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reach far-away regions.
These above two weaknesses match general criticism of the culture-historical
approach in the 1960s with the rise of processual archaeology in America and similar
movements in Britain. On one hand, archaeologists who adopt the culture-historical
approach fail to provide any effective explanation of cultural change, and the
migration/diffusion hypothetical explanation is unproductive because it is “an aquatic
view of culture” (Binford, 1965), suggesting that cultural traits spread to adjacent regions
automatically once a new technology is invented. One the other hand, the
description-classification method becomes a game of “classification-for-classification’ssake”, and as an etic taxonomy it fails to provide further information to study foraging
behaviors of prehistoric hunter-gatherers.
Was the appearance of microblade technology an historical event or a cultural
process? In the previous studies, it is assumed to be a historical event, with specific
ethnic groups creating a method to produce microblades in an exact time at a particular
place, and then the technology spreading to other places. Thus, archaeologists always aim
to outline the spread routes of microblade technology, sometimes showing controversial
ideas, such as from the Transbaikal to the PSHK (Buvit et al., 2016b), from Mongolia to
Siberia and to N. China (Goebel, 2002; Zhu, 2006, 2008), from N. China to Siberia (S.-Q.
Chen, 2008b), from N. China-Siberia region to other regions (Inizan, 2012: Fig. 2.15),
and of course, from NE Asia to North America (Bryan, 1978; Goebel & Buvit, 2011b;
Kuzmin et al., 2007b). No one can deny that historical events happened, but the point is
that temporal succession cannot provide adequate arguments for the mechanism of
cultural change (Binford, 1999), including microblade appearance at a place that
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previously lacked microblades. Just as Binford (1968b: 269) said, “a ‘proper historical
perspective’ cannot be gained without coping with processual problems”.
Rather than continuing to ask a question which needs further data in future decades
in order (putatively) to provide an answer (though from the analyses above, it is
unrealistic to draw routes of human migration based on current data), it is reasonable to
ask another question: “why did the new technology fully develop, especially during and
after the LGM?” This question is developed from Ikawa-Smith’s (2007: 193) question
“where, and when did the proto-type (in the Altai Mountains) become a full-grown
microblade industry?” Becoming a full-developed technology is an emergent process,
rather than an historical event.
It is difficult to use human migration or cultural diffusion to explain why microblade
technology was fully adopted during and after the LGM, because the distribution of
microblade assemblages is huge and people had alternative solutions (e.g., Solutrean
foliate and shouldered stone points in SW Europe) with which to face the LGM (which
happened many times in the Pleistocene) rather than adopting microblade technology.
Seeing the appearance of microblade technology in NE Asia as an emergent process,
rather than as an historical event, is helpful for archaeologists to understand interactions
between adaptive variation and change among prehistoric hunter-gatherers and
environmental change during the late Pleistocene and Pleistocene-Holocene transition, as
well as to comprehend the cultural processes of foraging societies equipped with
microblade technology in dealing with subsistence challenges by niche-filling and
technological innovations.
Since 2000s, several functionalist viewpoints have been developed to help
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archaeologists connect microblade assemblages with certain behaviors of prehistoric
hunter-gatherers. Microblade technology is argued to possess several adaptive advantages
as compared to other lithic technologies. Microblade-equipped weapons/tools (and
replacement inserts) are easy to carry for active hunting due to their small size, light
weight, and ease of manufacture, which makes them particularly useful for the highly
mobile lifeways of some foraging societies (Bleed, 1996, 2002; S.-Q. Chen, 2008b;
Goebel, 2002). In comparison to those groups equipped with large, single-element stone
or organic points, spears equipped with microblade-inserted points are not only easy to
maintain, but also both strong and lethal (Elston & Brantingham, 2002), especially
suitable for wintertime, when stone points are easy to break and raw materials are
difficult to obtain due to snow and frozen ground (Dixon, 2010). The cost of making
microblade-inserted points can be seen as a balance of a relatively cheap lithic production
method and the high cost of composite weaponry-making. Unfortunately, the
functionalist school has not provided a comprehensive framework with which to explain
variation and change of microblade technology in NE Asia in a subcontinental scale.

2.4 Geography and Paleoclimate of NE Asia
2.4.1 Geography of Contemporary NE Asia
Before discussing the temporo-spatial framework of microblade-based societies
(Chapter 3), it is necessary to provide a short introduction to the geography and
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paleoclimates of NE Asia (Fig. 2.4) 1. NE Asia is not only a political-economic term to
cover the territories of three main nations in the NW Pacific, namely Russia, China, and
Japan, together with the other countries, Mongolia, and N. and S. Korea, as well as Inner
Asia (especially Kazakhstan), but it also is a geo-ecological term for the region between
the biggest continent (Asia) and the biggest Ocean (Pacific) and the area of transition
from the temperate to the frigid zones divided by the Arctic Circle (66°34'N). In terms of
the modern climate, NE Asia is controlled by monsoons, forced by Siberian cold high
pressure in winter (cold and dry) and hot high pressure from the Pacific and Southern
Hemisphere in summer (warm and wet). The high latitude region is controlled by polar
air circulations surrounding the North Pole. In addition, the retreat and advance of Oya
Siwo (a cold current from the northern Pacific, also known as the Okhostsk Current) and
Kuro Siwo (a warm current from the equatorial western Pacific, also called the Japan
Current) shows strong seasonality, which also influences temperature and precipitation in
NE Asia, especially the maritime regions. The continent-island distribution, seasonality,
and the marine currents combine together, factors which impact the geography of NE
Asia in terms of vegetation.
2.4.2 NE Asia during the Last Ice Age
As discussed above, the archaeological record associated with microblade
technology lasted from 40/30 ky uncal. BP (if the early bladelets are identified as
microblades) into the Holocene, in some regions to ca. AD 1000 to AD 1500 and

1

All the maps and SPSS figures are listed in APPENDIX A. They follow the number sequence of figures in the text.
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possibly later in SW Oregon (North America) 1. According to research on Marine Isotope
Stages, the time scale of microblade-based societies covered times of great climate
change from often-warm MIS 3 (57-24 kya), to generally very cold MIS 2 (24-11 kya),
and again to warm MIS 1 (11 kya to now), the most recent global climatic fluctuations of
the last full interglacial-glacial cycle (Klein, 2009: Fig. 2.13). MIS 2 was the end of the
Last Ice Age (Straus, Eriksen, Erlandson, & Yesner, 1996), which included the Last
Glacial Maximum (LGM) and the Pleistocene-Holocene transition, as well as human
behavioral changes as deduced from archaeological record, especially demographic
retreat and dispersion, (re-)invention or adoption of new weaponry, and subsistence
intensification (Straus, Buvit, Terry, & Izuho, 2016a). In NE Asia, peoples migrated
southward (to N. China) and eastward (to the PSHK Peninsula) and finally recolonized
Siberia after the onset of Late Glacial warming (15-13 ky uncal. BP). Foragers fully
adopted microblade technology mainly for hunting and almost gave up long-lasting flake
tool traditions, and archaeologists find clear evidence linked to intensified exploitation of
plant resources in N. China, which ultimately led to cultivation and food production (L.
Liu et al., 2018).
The LGM was a ca. 4000-5000-year period of extreme climatic conditions with
consequences in terms of glacier developments, sea level regression (~120-130m),
growth of deserts, loess deposition, and non-analogue vegetation communities and faunas.
It is dated to 22-18 ky uncal. BP (25-20 ky cal. BP) 2 (P. U. Clark et al., 2009; Straus et al.,

1

According to the microblade data I collected, the latest microblade assemblages in China is 4045±30 uncal. BP at the
Huiheshuiba (Hui River Dam) site in the Hulun Buir steppe (J.-Z. Liu et al., 2008; Yue, Chen, Fang, & Zhen, 2016).
2
According to Terry et al. (2016), the calibrated age of the LGM is 26.5-21.7 ky BP. Different versions of calibration
software can produce different calibrated ages. Thus, the dissertation will mainly use uncalibrated dates to avoid
confusion.
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2016a). The EPILOG (Environmental Processes of the Ice Age: Land, Oceans, Glaciers)
project defines the LGM as a period “reasonably close to an equilibrium state of climate”.
Mix, Bard, and Schneider (2001: 629) noted that, “short-term variability appears to be
smaller during the glacial maximum than in older intervals such as marine oxygen
isotope stage 3, which is dominated by numerous short-term climate oscillations”.
Different from the huge area of ice sheet coverage in N. Europe and N. North America,
the LGM in NE Asia saw widespread polar and alpine desert (Siberia and the Tibetan
Plateau); a huge area of exposed continental shelf (all of the eastern China seas) and new
geographic units (namely the PSHK Peninsula, the Paleo-Honshu Island, and the Korean
Peninsula as a part of the Asian continent); and the southward movement of vegetation
zones (e.g., semi-arid temperate woodland moved to coast of South China Sea).
Meanwhile, because of the dynamics of the ocean-continent interface, the Oya Siwo
current dominated along the east coast of the PSHK and N. Paleo-Honshu while Kuro
Siwo current retreated southward, weakening its impact on the Japanese Archipelago.
Since it could not pass through the Korea Strait to the Sea of Japan, it left western Japan
with a continental climate and vegetation (Morisaki, 2012).
The LGM was a key period for the full and definitive establishment of
microblade-based societies in NE Asia. S.-Q. Chen (2008b) assumes that the ecotone
between temperate steppe and forest was suitable for microblade-equipped weaponry,
since prehistoric hunter-gatherers with high mobility could efficiently use the two kinds
of habitats. Although I do not agree with this single-origin hypothesis, it implies that
prehistoric hunter-gatherers living in the habitats with steppe and forest might use
microblade technology to solve their subsistence questions during the Last Ice Age.
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During the LGM, the forest-steppe ecotone moved from somewhere near the
Daxing’anling-Yanshan Mountains during the MIS 3 (interglacial climatic conditions)
southeastward to the Qinling-Huaihe zone, the eco-geographic boundary between
contemporary North and South China (which is also the southern boundary of microblade
assemblages in China during the Last Ice Age) (Kato, 2017: Fig. 2). At the same time, the
harsh environment may have pushed people to completely or partly abandon Siberia
(which had become polar desert) and to move southward into N. China (e.g., the Nihewan
Basin) or eastward to the PSHK (Buvit et al., 2016b; Y.-P. Wang, 2018a; Zhu, 2006,
2008), which thus became refugia of foraging societies in NE Asia during the LGM.
Although mountain glaciers in Tibet and the Southern Hemisphere began to retreat
between 16-18 ky uncal. BP, cold and dry climate continued to dominate globally.
Between 25 ky and 13 ky uncal. BP, climate was generally manifested by lowered
temperatures and precipitation; this period is known as the Upper Pleniglacial plus Early
Tardiglacial (i.e., Dryas I/Oldest Dryas in Europe) (Straus, 1996b). The SW European
record uses pollen zones to indicate climate change, which can be matched to universal
marine isotope stages. These phases have been borrowed by Chinese paleoclimatologists.
Climate changes based on pollen deposited in N. China show strong correlations with
those of Europe and North America (Zhou, Zhang, & Li, 1982). Isotope data derived
from deposits of the Hulu (32.5°N, 119.17°E) and Dongge caves (25°17’N, 108°5’E) in
China are also strongly correlated with the record of Greenland climate, between 75 and
11 ky uncal. BP (Y.-J. Wang et al., 2001). Thus, the paleoenvironment in which the
microblade-based societies in NE Asia developed can be linked with named pollen zones
in Europe. In the dissertation, I tend to use the terms Phase I to Phase IV to subdivide
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major climate regimes between 30-40 ky BP to the Holocene (Table 2.4).

Pollen zones in SW
Europe
Atlantic
Boreal
Preboreal
Dryas III
Alleröd
Dryas II
Bölling
Dryas I
Lascaux
LGM
Tursac
Maisières/Kesselt

Radiocarbon
ages*
5-0
8-5
9-8
10.2-8.7
10.8-10.2
11.8-10.8
12.4-11.8
13-12.4
17-13
18-17
22-18
24-22
30-27
57-30

Major stage

MIS

Postglacial

MIS
1

Tardiglacial

MIS
2

Phases in NE
Asia **
Phase IV

Phase III

Phase II
Upper
Pleniglacial
Phase I
Interpleniglacial

MIS
3

Table 2.4 Late Glacial and Early Postglacial chronoclimatic phases for SW Europe
and NE Asia (modified from Straus, 1996a: Table 1)
* Uncalibrated dates (ky uncal. BP)
** According to several documents, warming and pluvial processes had started as early as
15 ky uncal. BP (Cheng et al., 2006; Y.-J. Wang et al., 2001; Zhou et al., 1982), so the
dissertation adopts the boundary of Phase II and Phase III at 15 ky uncal. BP. Detailed
information for the four phases see Chapter 3.

The early Postglacial (Holocene) saw rising sea levels. Prior to this, during the
second half of Dryas I (15-13 ky uncal. BP), some climatic amelioration had happened
due to recovery of the monsoon, especially in China (Y.-J. Wang et al., 2001), while
Siberia was still in a cold stage named the N’iapan Stade of the Late Sartan Glaciation
(Powers, 1996). The Bölling in Siberia corresponds with the Kokorevo warming, and the
Alleröd with the warming of the Taimyr. It is noted that climatic amelioration was
interrupted by brief retreats to more glacial conditions, that is, Bölling-Dryas
II-Alleröd-Dryas III, but the warming trend continued apace, as supported by data from
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several paleoclimate projects including the Greenland Ice Sheet Project 2 (Z. Liu et al.,
2009: Fig.1). Boreal vegetation began to reoccupy European landscapes, and
Magdalenian sites show a SW-NE expansion, from the Franco-Cantabrian homeland to
North European Plain and other regions (Miller, 2012; Straus, Leesch, & Terberger,
2012). In NE Asia, similar process happened, with revegetation in Siberia and northward
and westward recolonization from NC China and PSHK to Siberia (L. Barton,
Brantingham, & Ji, 2007; Buvit et al., 2016b). The Pleistocene-Holocene transition also
witnessed a change from the former continuous distribution of arctic-alpine plants in NE
Asia, including the Korean Peninsula and Japanese Islands, into fragmentary and
increasingly more temperate woodlands (Kong & Watts, 1999). The climatic
amelioration is coincident with human territorial expansion into less ideally habitable
environments (e.g., NE China, the Tibetan Plateau), as well as to the New World through
the Beringia landmass. These expansions included the spread of microblade technology
into new habitats for humans (C. M. Barton, Riel-Salvatore, Anderies, & Popescu, 2011;
Brantingham et al., 2007; Brantingham et al., 2003; Brantingham & Xing, 2006; Goebel
& Buvit, 2011b; Graf & Buvit, 2017; West, 1996).

2.5 Summary
This chapter sets the stage for discussion of cultural changes among foraging
societies equipped with microblade technology. The culture-historical approach provides
basic information on the timing and spatial distribution of microblade assemblages, and
the types of microcores with which microblade production sequences are reconstructed,
but it fails to explain the socio-technological dynamics of the origin and spread of
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microblade technology at a (trans-)continental scale. The functionalist approach generally
adopted since the early 2000s in Asia provides some inspiring viewpoints on the adaptive
advantages of microblades as the cutting edges elements in composite weaponry,
including lightness, cheapness, high maintainability, and lethality and strength. However,
it does not provide an effective method with which to deal with the macro-scale
distribution of microblade assemblages during the Last Ice Age and early Holocene. At
the end of the chapter, key aspects of geography and paleoclimate information are
provided, which can be used to set the stage for the technological and cultural changes of
microblade-based societies that are the subjects of this research whole project.
This chapter also points out that the appearance of microblade technology is an
emergent process, rather than an historical event. It is necessary to discuss microblade
technology within the framework of ecological-economic connections of prehistoric
hunter-gatherers, in which both climatic deterioration and amelioration happened during
the MIS 3 to MIS 2 (interpleniglacial-pleniglacial), and MIS 2 to MIS 1 (PleistoceneHolocene) transitions. To build a new explanatory framework, the concept “microbladebased societies” is proposed in Chapter 3, and the cultural changes are studied using the
macroecological approach in Chapters 4-7.
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CHAPTER 3
Temporo-Spatial Framework of Microblade-based Societies

Chapter 3 is the second part of the dissertation, in which current knowledge is used
to build a temporo-spatial framework of microblade-based societies. Because of problems
of accessibility of local publications and of the existence of dates for some key sites that
have only been presented orally in conferences but not yet in publications, this
dissertation cannot provide all of the data on microblade assemblages. Taking into
consideration problems of language barriers as well, this dissertation mainly focuses on
Chinese- and English-language publications, and a few major ones in Japanese. Moreover,
as an ultimately preliminary study, this dissertation does not try to map every site 1. The
realistic strategy followed here is to collect general information, and to study it at face
value. Some mapping is done in the case studies presented as Chapters 6 and 7, and more
detailed mapping will be done in the future. To discuss microblade technology under the
frameworks of social changes of prehistoric foraging societies and of impacts of
paleoclimate change, the concept “microblade-based societies” is proposed at the
beginning of this chapter. It also can be used a starting point to provide an historical
narrative of major, subcontinent-wide cultural change during the Last Glacial and early
1

Databases as reference in the dissertation: a series of Excel files of microblade data of about 2000 sites in Japan
(Tsutsumi, 2003), for which radiocarbon dates can be found in other resources (Kudo, 2012; Ono, Sato, Tsutsumi, &
Kudo, 2002). Kimura (1999a, b) made a table of microblade assemblages in Siberia and the Russian Far East. Some
coordinate data and radiocarbon dates can be found in certain papers (Buvit, Izuho, Terry, Konstantinov, &
Konstantinov, 2016a; Graf, 2009a; Rybin, 2014). The latest synthesis by Rybin, Khatsenovich, Gunchinsuren, Olsen,
and Zwyns (2016) provides an opportunity to access the data on the microblade assemblages in Mongolia. For the
Korean Peninsula, the majority of data come from S. Korea because of very few Paleolithic archaeological excavations
have been done in N. Korea and there is very limited accessibility due the evidence for political reasons. Jang (2007:
Table 24) provides a preliminary database of microblade assemblages in S. Korea, to which dates and other data are
added from several sources (Seong, 1998, 2007, 2008, 2015). Microblade assemblage data of China were collected by
the author from about 200 publications, most of which are in Chinese archaeological journals.
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Holocene.

3.1 Microblade-based Societies
As discussed in Chapter 2, the culture-historical approach invests much energy on
the origin and spread of microblade technology (things) and neglects the foraging
societies in which individuals were equipped with microblade-associated weaponry and
daily-used tools (people). To fully use a novel theoretical framework in this dissertation,
it is necessary to propose a new concept to connect microblade assemblages and the
foraging societies equipped with microblade technology, that is, “microblade-based
societies”.
The concept of microblade-based societies is a synthesis of the lifeways of the
hunter-gatherers who widely shared microblade technologies in northern circum-Pacific
regions, which in turn can be combined with the culture-history paradigm and the
functional approach to answer questions about microblade technology from broader
anthropological viewpoints. Different from terminologies in the culture-historical
paradigm, the concept “microblade-based societies” is not related to specific ethnic
groups, but is a term used to generalize a socio-technologically adaptive radiation, i.e.,
people using similar technological assemblages to organize their social lives in their
territories depending on each local resource base after the LGM in NE Asia and into NW
North America. Prehistoric hunter-gatherers used microblade technology as the basis for
the lithic elements of composite tools/weapons to exploit food resources, especially fauna,
which helped organize their lives in their territories (including new ones as the human
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range expanded northeastward), depending on the availability and quality of local lithic
resources, especially chert (flint), obsidian, and hard shale.
This approach can be combined with the culture-history paradigm and the functional
approach to pose and answer questions about microblade technology as follow from the
broader geographic and anthropological viewpoints (Table 3.1).








Why did foragers quickly adopt microblade technology over such a huge area
during the LGM and almost completely abandon the million-year-old Asian
flake-and-core technology?
What kinds of roles (functional and social) did microblade technology play in
these societies before, during, and after the LGM?
How can different regional forms of microcores (e.g., wedge-shaped,
boat-shaped, semi-conical microcores, and others) be interpreted (in terms of raw
material, functionality, ethnic identity, etc.)?
How were foragers organized in terms of resource-demographic relationships and
risk reduction, against the theoretical background that adoption of microblade
technology was an emergent process rather than a historical event?
Is there any correlation between effective temperature (ET – since solar radiation
significantly influences biomass productivity) and technological organization of
microblade-based societies in terms of resource exploitation?
Is there any variation because of local circumstances, such as lithic raw material
availability, prey density and diversity, and seasonality?
Table 3.1 Research questions about microblade technology

These research questions have not been fully addressed. They are not only directly
related to the origin of microblade technology and its routes of spread, but also are linked
to the establishment and development of microblade-based societies. I recognize that the
key

questions

concerning

interactions

among

ecological,

technological,

and

socio-political factors, cannot be fully studied and answered in the dissertation, both
because of the circumscribed goal of this project and the lack of many available data.
The concept of “microblade-based societies” emphasizes the significance of the
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organization of microblade technology in the daily lives of the people who were equipped
with microblade weapon tips and tools. This project is the first application of this concept
at least for China, and further research will be required to clarify interassemblage
variability among the archaeological sites associated with microblade (by-)products,
especially microblades and microcores. Due to language boundaries and lack of any
unified classification system for the Upper Paleolithic or Mesolithic of NE Asia, it
impossible and unnecessary to focus on the detailed differences among the sites in my
sample (more than 2000 in total). In addition to cultural tradition and function,
interassemblage variability among the sites can also be produced by other factors,
including preservation, method of collection (i.e., surface pick-up vs. excavation), and
use or non-use of screening (and mesh size). Microliths unearthed from Neolithic sites
are generally lacking descriptions or were not even recorded during some excavations.
These difficulties heavily impede the ability credibly to conduct a project to directly
study interassemblage variability across NE Asia. To help audiences better understand
the archaeological sites that I will discuss in the following chapters, I provide a list of
some of the better-documented assemblages in Appendix B.
To effectively interpret variation and change among microblade-based societies
against a culture-ecological background, the dissertation assumes that microblades were
mainly used as edges of composite weapon tips, though there is the possibility that they
were also produced to equip other tools, especially those for plant harvesting. According
to preliminary observations, variants exist among microblade-based societies, and these
followed their own evolutionary trajectories, a fact which is discussed in the following
section.
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3.2 Spatial Framework of Microblade-based Societies
Until now, most previous microblade studies follow temporo-spatial frameworks for
each separate nation/state (Buvit et al., 2016b; Gómez Coutouly, 2016; Morisaki, Izuho,
& Sato, 2018; Rybin et al., 2016; Seong, 2008; Yi & Gao, 2014). This makes most sense
for southern Japan because it had a closed island geography surrounded by seas. However,
during the Last Ice Age, Hokkaido was linked to Sakhalin Island, and Sakhalin Island
was in turn connected with mainland Asia due to sea level regression and formed the
PSHK Peninsula (Morisaki, Izuho, Terry, & Sato, 2015). The area of the Holocene
Korean Peninsula also became a more integral part of the Asian continent because the
eastern China seas almost disappeared and the continental shelf became a plain due to the
lowered sea level. The Pleniglacial and Tardiglacial environments make the nation/state
as

an

exclusive

study

area

unacceptable.

This

dissertation

advocates

an

ecological-oriented division of geographic units, especially considering latitude and
temperature, since effective temperature (ET) has a significant effect on the growing
season of plants and, in consequence, on faunal resources for human exploitation.
3.2.1 The 40 Degree North Latitude Phenomenon
Several archaeologists who study microblade technology and Asian Upper
Paleolithic have noticed the significance of 40 degrees north latitude, for example:
The most severe climates for all of the Pleistocene occurred after the Bryansk
interval, when the Valdai ice sheet reached its maximal extent (between some 20 000 and
18 000 BP) and lasted until about 16 000 BP. This time-slice saw the evolution of a
unique landscape over all of Eurasia north of approximately 40° latitude – one which
featured vast open spaces covered by cryophilous tundra vegetation, which grew over
permanently frozen ground and included a sizeable presence of xerophytes. This period
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was followed by active disintegration of the ice sheets and a subsequent restructuring of
both the climate and landscapes, which, in time, came to feature the biotic zonation
which is characteristic of northern latitudes today. (Velichko & Kurenkova, 1990: 255 –
emphasis added)
and,
Owing to its unique and standardized techno-morphological traits, wedge-shaped
microblade cores have been regarded as the material signature of human adaptation
across the northern latitudes (>40°N), namely regions of the northern Pacific Rim
consisting of northeastern Asia (i.e., Siberia, Mongolia, China, Korea, and Japan) and
northern North America (i.e., Alaska and Pacific coast of Canada) during the Late
Glacial and initial Holocene. A battery of analytical studies on microblade assemblages
particularly from the Japanese late Upper Paleolithic sites have revealed that
wedge-shaped microblade cores are shaped by a series of standardized reductive
processes, suggesting that Late Glacial hunter-gatherers designed complex core
technology to produce highly standardized microblades. (Nakazawa & Akai, 2017: 43 –
emphasis added)
Velichko and Kurenkova (1990) noticed that 40°N is the southern limit of tundra
vegetation with xerophytes, suggesting that 40°N has significance for both temperature
and precipitation during the LGM and Dryas I. Nakazawa and Akai (2017) notice the
association between latitude (>40°N) and the distribution of wedge-shaped microcores
(according to Section 2.1.2, they are “System A” microcores).
In addition to the papers mentioned above, several other archaeologists and
paleontologists also have noticed the significance of 40°N. Inizan (2012: Fig.2.10) maps
glacial maximum shore lines and permafrost distribution in the LGM, showing that the
southern limit of discontinuous permafrost almost matches 40°N, which also goes across
the Tsugaru Kaikyo Strait (between Hokkaido and Honshu islands). His research clearly
identifies the association between temperature and vegetation types. A map by Y. Ono
and Igarashi (1991: Fig.2.10) shows that the Blakiston Line 1 goes across the Tsugaru

1

It is a zoogeographical boundary between Hokkaido and Honshu in Japan. The Tsugaru Strait is known in biology as
the “Blakiston Line”, to commemorate Thomas Wright Blakiston, an English explorer and naturalist.
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Kaikyo Strait and N. Korea, and was the Last Glacial southern limit of mammoth. These
two maps match the statement of Velichko and Kurenkova (1990), indicating that 40°N
can be regarded as a line with which to divide temperature, vegetation and faunal
communities in NE Asia under LGM climatic conditions. 40°N as a dividing line
matches vegetation types in Japan (the PSHK Peninsula with open coniferous forest and
grassland, versus the Paleo-Honshu Island with temperate mixed forest), and associated
archaeological

assemblages

(the

PSHK

with

microblade

assemblages

versus

Paleo-Honshu with stone points). Contemporary vegetation maps suggest that 40°N also
has significance – the regions >40°N are characterized by temperate steppe and
coniferous forest, while the regions <40°N are associated with temperate deciduous
broad-leaf forest. However, modern vegetation has been heavily influenced by
continental climate and the monsoon, showing a NE-SW transition line of temperature,
precipitation, and vegetation in China.
Thus, it appears that 40°N makes sense as a boundary both against the LGM
background and the contemporary setting. However, due to climate change and
movement of ecotones, 40°N does not make any sense in terms of meteorology or
paleoclimatology. Because of a shortage of useful data during the LGM with which to
explore the exact temperature of each month, the 40°N phenomenon can only be
interpreted based on modern temperatures. In his monumental study of intensification and
technology among hunter-gatherers, Binford (2001) also noticed the 40°N phenomenon,
and clarified the nature of 40°N in terms of effective temperature (ET) and
hunter-gatherer behavioral variation, as follow:
A similar distribution in figure 10.09, graph B, demonstrates the relationship
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between latitude and the number of weapons for ethnographic cases coded to reflect the
primary source of food. Groups characterized by relatively few weapons dominate the
graph below 40 degrees latitude and are primarily dependent upon terrestrial plants, in
whose acquisition weapons would not be very useful. Above 40 degrees, there is a
pronounced shift in the orientation of the graph, as rapid increases in the number of
tools occur with increases in latitude.
In figure 10.10, a positive relationship is visible between latitude and the number of
tended facilities (FACNO) up to a threshold at approximately 42.6 degrees, after which
the pattern reverses and the number of tended facilities decreases.
Relating this pattern to the distribution in figure 10.09, it is clear that, although the
number of tended facilities goes down at latitudes of approximately 42.6 degrees, the
number of weapons increases dramatically. It should be emphasized that the 42.6-degree
threshold corresponds to the terrestrial plant threshold – noted earlier in proposition
8.06 – at 12.75 degrees ET, at which point accessible plant resources become less
available. As subsistence shifts to the pursuit of large game and sea
mammals-supplemented by fish-weapons and mobility become more important. (Binford,
2001: 388-389 – emphasis added)
According to Binford’s viewpoint, 40°N/S cannot make sense except that it has
significance in hunter-gatherer resource-use patterns. He notices that it is 42.6°N/S, rather
than 40°N/S, that can be linked with higher use of hunter-gatherer tended facilities, such
as game blinds, hunting disguises, items thrown to direct or control animal movement, as
well as fish weirs, net, and hooks. More importantly, the 42.6-degree threshold
corresponds to 12.75°C ET (the terrestrial plant threshold), and archaeological research
on microblade technology in China strongly supports the potential significance of 42.6°N.
According to the study of origin of food production in China based on modeling
hunter-gatherers’ subsistence, S.-Q. Chen (2006a, 2006c) discovers that the ecotone
which partly corresponds to 40°N/42.6°N covers the places associated with the earliest
cultivation and domestication in N. China, suggesting that the early Holocene possessed a
similar climate to that of recent decades.
Thus, this dissertation uses 40-42.6 degrees north latitude as a zone to make a
geographic division of NE Asia. However, under the LGM climatic conditions, the
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40°-42.6°N zone does not correspond to 12.75°C ET and the terrestrial plant threshold
line would have been displaced much southward, according to S.-Q. Chen (2008b: Fig. 7)
and reconstructed the LGM map of China, to 32-34 °N (the Qinling-Huaihe zone) (also
see S.-Y. Wang et al., 2017: Fig. 2).
3.2.2 Four Regions of NE Asia
The 40°-42.6°N zone provides a criterion for regional analysis on variation among
microblade-based societies, which can coarsely divide NE Asia into northern and
southern parts (Figs. 3.1 and 3.2). The modern coastlines also provide a tool to divide
Asia into several parts. Combining the latitude and coastlines together and taking into
consideration the geography during the LGM, NE Asia can be divided into four units
(Table 3.2). Since the southern limit of microblade assemblages in the Late Pleistocene
was around 34°N (the Xishi site, 34°26’38.82”N, 113°13’20.16”E), in order to provide
easy reference and to cover some areas for archaeological discoveries in the future, I will
adopt 30°N as the southern limit for mapping microblade assemblages and
microblade-based societies during the Last Ice Age.

Continent

Island

High latitude
North continent
(North from the 40°-42.6°N zone) Siberia, Mongolia,
& NE China

North island
PSHK

Middle latitude
(30°N to the 40°-42.6°N zone)

South island
Paleo-Honshu

South continent
N. China & Korea Peninsula

Table 3.2 Four geographic units of NE Asia (see Figs. 3.1 and 3.2)
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North continental NE Asia: This region covers the Altai Mountains, Siberia,
Mongolian Plateau, and Northeast China. Contemporary vegetation includes temperate
conifer forest, boreal forests/taiga, temperate grasslands, and tundra. Grassland/steppe on
the Mongolian Plateau is an essential feature of this geographic unit, featuring a different
landscape compared with the south continent with higher temperature and rainfall.
During the LGM, this region was mainly covered by cool steppe-tundra and polar desert
with some forest formations in the river valleys, dotted with glaciers and lakes (Kuzmin,
2008). Archaeologists have different viewpoints on human occupation during the LGM in
this region. Some archaeologists use C14 data to argue that Siberia continued to be
occupied (Derev'anko et al., 1998; Kuzmin & Orlova, 1998), while others question the
association of specific C14 samples and microblade assemblages and argue that Siberia
was abandoned and that humans only recolonized it during the post-LGM period (Buvit
et al., 2016b; Goebel, 2002; Graf, 2005). During the post-LGM period, archaeological
evidence suggests significant population increase, and Buvit et al. (2016b) insist on the
idea of human migration from the PSHK about 15.5 ky cal. BP, corresponding to the
Bölling/Kokorevo warming. The map of archaeological sites in Last Ice Age China
published in L. Barton et al. (2007: Fig.2) shows in NE China, from MIS 3 to LGM,
occupation intensity significantly decreased, while from LGM to the Post-glacial, it
significantly increased.
South continental NE Asia: This region covers the North China Plain, the Loess
Plateau, NW China deserts, and Tibetan Plateau. Except for the deserts and Tibetan
Plateau, other regions are mainly covered by temperate deciduous broad-leaf forest if the
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plants can get enough water. This region is also drained by the Yellow River (Huanghe
River) and other smaller rivers. During the LGM, the North China Plain was covered by
dry steppe, western regions by temperate desert, and the Tibetan Plateau by alpine desert.
In sum, the south continent was with treeless landscape, except some valleys as refugia,
but the density of forest should be much higher than in the north continent area. Ji et al.
(2005) and L. Barton et al. (2007) have discussed human responses to the Late
Quaternary environments (MIS 3, LGM, and the Post-glacial), and found that during the
LGM, there were almost no archaeological sites in NE China except on the modern-day
Liaodong Peninsula, which corresponds to my dividing line of 42.6°N. In contrast, there
are several sites associated with microblade technology in N. China, especially the
Yellow River Basin and its branches (e.g., the Shizitan, Longwangchan, and Xishi sites),
and the Nihewan Basin (e.g., the Erdaoliang site). During late Pleistocene, N. China was
dominated by wide-platform microblade technology, hallmarked by boat-shaped, conical,
semi-conical, and wedge-shaped microcores, some of which are categorized as the
“Xiachuan technique”, while others are typified by narrow-platform microblade
technology to make wedge-shaped microcores, which are categorized as the “Yangyuan
technique” and the “Hetao technique” (Fig. 2.3) (C. Tang & Gai, 1986).
This region expanded to include the Korean and Liaodong peninsulas, as well as the
exposed plain now covered by the eastern China seas (the Bo and Yellow Seas, then
non-existent due to sea level regression). Unfortunately, due to lack of underwater
archaeological research for the Paleolithic, we know nothing about microblade
assemblages in this special region. Likewise, depositional processes during the early
Holocene buried many sites on the North China Plain, making the sample of Upper
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Paleolithic sites much biased.
The south continent also later saw resource intensification and the rise of food
production during the Pleistocene-Holocene transition, and most of sites are associated
with microblade assemblages (S.-Q. Chen, 2014; S.-Q. Chen & Yu, 2017a, b). Then
microblade technology gradually disappeared with the rise of agriculture.
North insular NE Asia: This region includes Sakhalin and Hokkaido, plus other
small islands. The contemporary vegetation in this region is montane conifer forest and
deciduous forest. During the Last Ice Age, Sakhalin, Hokkaido and the Kurile islands
were

connected

by

exposed

seabed,

which

is

together

called

Paleo-Sakhalin-Hokkaido-Kurile (PSHK) Peninsula. The northern part was connected to
the NE Asian continent, with steppe-tundra vegetation. A more detailed reconstructed
vegetation map shows it was covered by open coniferous forest and grassland in the north
and cool-temperate coniferous forest in the south, with mountain glaciers on high
mountains (Morisaki et al., 2015: Fig.5). A grassland-forest ecotone formed in the middle
of Hokkaido. PSHK was dominated by the Yubetsu microblade production method
during the Last Ice Age, since microblade technology appeared there. The early
microblade assemblages consist mainly of the Rankoshi, Tougeshita, and Sakkotsu types,
while the late ones are the Shirataki, Oshorokko, and Hirosato types (Nakazawa et al.,
2005). Except the Hirosato type 1, others are sub-techniques of the Yubetsu method (see
Ikawa-Smith, 2007:Table 12.2).
South insular NE Asia: This region includes Honshu, Shikoku, and Kyushu, three
large islands of central and southern Japan. The contemporary vegetation is uniform,
1

A sub-technique of the non-Yaubetsu method, see Fig. 2.3
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consisting of Honshu-type alpine coniferous forests. However, the LGM vegetation was
different. According to reconstructed vegetation based on pollen spectra (Morisaki et al.,
2015: Fig.5), the Paleo-Honshu Island, which was composed of the three islands and
some exposed continental shelf, had four kinds of vegetation: (1 & 2) open coniferous
forest and grassland and cool-temperate coniferous forest in the north, (3) temperate
pan-mixed forest in the middle and south, and (4) warm-temperate deciduous broadleaf
forest and evergreen broadleaf forest in the south edge and southeastern paleocoast.
Mountain glaciers also appeared during the LGM. Different from the PSHK, microblade
technology appeared in Paleo-Honshu much later (after the LGM). Microblade industries
on Honshu are dated to about 15-12 ky uncal. BP, while those on Kyushu are dated to
c.16-15 ky uncal. BP and the latest to c.13-10 ky uncal. BP (Sato & Tsutsumi, 2007). In
addition to differing time frames for microblade technology, Japanese archaeologists also
have defined Yubetsu and non-Yubetsu method groups as two different traditions
coexisting on the Paleo-Honshu Island (Kobayashi, 1970; Sato & Tsutsumi, 2007; Suto,
2009). The Japanese sites associated with the Yubetsu method form an arc along the Sea
of Japan, covering Hokkaido and the west coast of Honshu (Inizan, 2012: Fig. 2.11;
Suzuki, 1993). Adding the Fukui technique (as a sub-type of the Yubetsu) in N. Kyushu
Island, the Yubetsu method line should divide Paleo-Honshu into two parts – northwest
and southeast, or the Sea of Japan side and the Pacific Ocean side. This line may suggest
diffusion of the Yubetsu method from PSHK to Paleo-Honshu along the Sea of Japan
coast or along the central mountain chain, as argued within the culture-historical
paradigm, or the formation of new adaptations to more continental environments of the
LGM.
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3.3 Temporal Framework of Microblade-based societies
In the beginning of this chapter, I argued that it is reasonable to regard
microblade-based societies as elements of an adaptive system operating under the
constraints of different climates and resource distributions. Four phases of
microblade-based societies in NE Asia can be identified in relation to major climate
changes during the late Upper Pleistocene and Holocene (or late Quaternary) (Table 3.3).
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Phases
Regions
North Continent

Phase I
c. 40-22 ky uncal. BP
Various lithic technologies
(flake & blade technologies)
coexisted, including early
microblade technologies

Phase II
22-15 ky uncal. BP
(Partly or wholly)
abandoned?

Phase III
15-10 ky uncal. BP
Various microblade
technologies, especially
System A; microblade
technologies associated with
pencil-shaped microcres
appeared

Phase IV
10-c.1 ky uncal. BP
Microblade technologies
continue, co-existing with
bifacial stone points;
microblade technologies
dominated the Mongolia
Plateau; microblade
technologies got replaced by
pressure blade technologies in E
Siberia

South Continent

Various lithic technologies
coexisted (dominated by
flake technologies),
including microblade
technologies

Various microblade
technologies (most
microcores associated
with wide platform),
especially System B

Development of microblade
technologies; appearance of
System A in the Nihewan
Basin, associated with
narrow platform

Disappearance of microblade
technologies region by region,
spread to S. China; permanent
sites associated with microblade
technologies appeared on the
interior Tibetan Plateau

North Island
(the PSHK Peninsula)

Flake technologies, no
microblade technologies

Dominated by
Wedge-shaped
microblade technologies
(System A)

Dominated by microblade
technologies

Microblade technologies
continued to 8.5-7 ky uncal. BP
at Yubetsu-Ichikawa site
(Aikens & Akazawa, 1996)

South Island
(the Paleo-Honshu
Island)

Flake technologies, no
microblade technologies

Various microblade
technologies, System A
on the side of Sea of
Japan

Microblade technologies got
gradually replaced by stone
point technologies, during the
Incipient Jomon.

Jomon culture, no microblade
technologies

Table 3.3 Temporo-spatial framework of microblade-based societies (especially on microblade production methods) in NE
Asia
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Four phases are fully explained in the following sections.

3.3.1 Phase I
Phase I corresponds to the immediate pre-LGM period of late MIS 3 and early
MIS 2 (c. 40-22 ky uncal. BP). This period witnessed expansion of human occupation
into high latitudes, even inside the Arctic Circle. One example is the Yana RHS site in
eastern Siberia (70°43’N, 135°25’E), dated to 27 ky uncal. BP, in which bifacially
retouched tools and organic artifacts (including a wooly rhinoceros bone foreshaft)
were found (Pitulko et al., 2004). No microblades have been unearthed at the Yana
RHS site, but its artifacts do suggest that people could have used organic technology
(a key element to make composite weaponry) to survive in the high-Arctic climate.
Although there are some debates about the early microblade/bladelet assemblages in
the Altai Mountains and Lena River Basin (see Chapter 2), in this dissertation they are
included in Phase I of microblade-based societies as part of the background of
emerging microblade technology in NE Asia. According to Chen and Yu (2017c:
Table 1), the period ca. 45/50-25 ky uncal. BP is called the Early Upper Paleolithic
(EUP), which is followed by the Late Upper Paleolithic (LUP), in terminology
borrowed from European Old Stone Age prehistory. Blade industries (the
Shuidonggou site) and small flake industries (other sites, such as Laonainaimiao,
Liujiacha, Mengjiaquan, Shiyu, Tashuihe, the Upper Cave, and Zhaozhuang)
coexisted during the EUP, while microblade technology dominated N. China during
the LUP. However, in an earlier paper on a similar topic, S.-Q. Chen (2006b: Table 2)
divided the EUP and LUP at 20 ky uncal. BP. The adjustment is the consequence of
the identification of microblade technology at the Xishi and Dongshi sites near
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Zhengzhou, Henan Province, as well as at the Longwangchan site in the valley of the
Yellow River, Shaanxi Province, which are both dated to the pre-LGM period (X.-X.
Gao, 2011; X.-Q. Wang & Zhang, 2016; C. Zhao, 2015). In the Transbaikal region,
microblade technology is argued to have emerged within the local MUP industry
(29-21.5 ky uncal. BP, 33-25 ky cal. BP in the original document) (Terry et al., 2016:
Fig. 2), prior to the LGM “in the form of highly variable microcores with small flakes
and blades, and possibly sporadic pressure flaking and slotted tools” (Terry et al.,
2016: 88). In Mongolia, this period witnessed significant changes from bidirectional
(the Initial Upper Paleolithic, IUP, 44-40 ky uncal. BP) to unidirectional method of
blade core reduction (EUP, 39/39-30 ky uncal. BP); while during the MUP (30-19 ky
uncal. BP, mostly 23-26 ky uncal. BP), lithic assemblages are described as
heterogeneous and typically flake-dominated, being characterized by subparallel
unidirectional, flat-faced and opportunistic multi-platform cores, sharply reduced
frequencies of blades, and no evidence of microblade technology (Rybin et al., 2016).
Taking into consideration evidence of climate change and the appearance of
microblade technology in the PSHK and the Transbaikal, and the age of the earliest
microblades in Mongolia, this dissertation tends to adopt 22 ky uncal. BP as the end
of Phase I, rather than 25 ky uncal. BP.
This phase can be categorized as a time of cultural regionalization and adaptive
radiation of hunter-gatherers. Microblades/bladelets were used in several regions,
including the Altai and Transbaikal regions of Siberia, some parts of northern China
(the middle Yellow River Basin), but in no case were they very widespread (Buvit et
al., 2016b; S.-Q. Chen & Yu, 2016; Ikawa-Smith, 2007; Yi & Gao, 2014). Lithic
technology in N. China was dominated by small flake industries (S.-Q. Chen & Yu,
2016:Table 1). The Japanese archipelago was occupied by foragers using small flake
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industries, and some sites are associated with backed blades or edge-ground axes
(Kudo, 2012; Kudo & Kumon, 2012; A. Ono, Sato, Tsutsumi, & Kudo, 2002; Takashi,
2012). Siberia, Central Asia, and Mongolia saw the establishment of blade-based
lithic industries as early as 43-40 ky uncal. BP during the IUP, which might then
extend to the territory of present-day Mongolia and NW China, i.e., the Shuidonggou
site (Localities 1&2) and several new discoveries in Inner Mongolia and Xinjiang (F.
Li, Kuhn, Gao, & Chen, 2013; Rybin, 2014; Rybin et al., 2016). In sum, the pre-LGM
forager lifeways were heterogeneous in terms of local technologies.
3.3.2 Phase II
Taking into consideration paleoclimate change, Phase II covers the harshest
environments of MIS 2, i.e., the LGM (22-18 ky uncal. BP) and early post-LGM
Pleistocene (equivalent to Lascaux & Dryas I in Europe) (18-15 ky uncal. BP).
Referring to the generalization of LGM climate and vegetation mentioned above, in
the Transbaikal temperatures reached their lowest, permafrost extended to its
southernmost boundaries in the Northern Hemisphere, cryoturbation affected all
archaeological sites, aridity increased, and forest belts disappeared during the LGM
(Terry et al., 2016). Most regions of N. China were covered by temperate desert and
dry steppe (B.-C. Li & Sun, 2004: Table 2).
The most conspicuous phenomenon is the widespread use of microblade
technology in NE Asia. Fully 100% of the sites associated with microblades appeared
both in Transbaikal after a short abandonment (21,080-18,830 uncal. BP) and in the
PSHK (Buvit et al., 2016b; Terry et al., 2016). A similar process in N. China, for
example, the western Loess Plateau (e.g., the Dadiwan site) witnessed the
introduction of a cryptocrystalline silicate-based microblade technology after recovery
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from regional depopulation (Morgan, Barton, Bettinger, Chen, & Zhang, 2011; Yi &
Gao, 2014), against the backdrop of southward contraction of the human range during
the LGM and widespread adoption of microblade technology in the south continent
quadrant of my study universe (L. Barton et al., 2007). It is assumed that microblade
technology was used to hunt terrestrial animals as the predominant source of human
subsistence in cold, harsh environments with few other food resources (Elston &
Brantingham, 2002; Yi et al., 2016:Table 4), which characterized the steppe-tundra
environments of the LGM. This phase became technologically homogeneous, though
some sites have few microblade artifacts because of local lack of high-quality raw
materials or specific site functions.
3.3.3 Phase III
Different from the relatively stable (albeit cold and dry) climate during the LGM,
Phase III saw climatic amelioration (Bölling and Alleröd), though this was interrupted
by more glacial conditions (Table 2.4). This phase corresponds to the Terminal
Pleistocene (15-10 ky uncal. BP). Phase III also witnessed variation in subsistence
strategies among microblade-based societies across NE Asia.
The Transbaikal and other eastern Siberian regions contain evidence of
Bölling/Alleröd repopulation and underwent early Mesolithic migration events from
PSHK (Buvit et al., 2016b), as well as the development of the LUP Dyuktai complex
and the transition to the Mesolithic Sumnagin complex (Gómez Coutouly, 2016;
Tabarev, 2012; Terry et al., 2016). N. China eventually underwent a broad spectrum
subsistence revolution, with resource intensification in microblade-based societies
(S.-Q. Chen & Yu, 2017a, b; L. Liu, Bestel, Shi, Song, & Chen, 2013a; Y. Zhang et
al., 2013). The record of Paleo-Honshu attests the adoption and then the abandonment
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of microblade technology; that is, it disappeared and was replaced by bifacial and
bifacial-stemmed points in the interior of the Japanese Islands (Sano, 2010).
Meanwhile, this phase also witnessed the rise of Jomon cultures in the central Japan,
which started with incipient Jomon (16.0-11.5 ky uncal. BP) (A. Ono, Shimada,
Hashizume, Yoshida, & Kumon, 2016: Fig.1). During this period, with the exception
of some groups that kept their terrestrial mammal subsistence base (especially on the
Mongolian steppes and Siberian Mammoth Steppe), most groups developed
intensified subsistence strategies according to the available resources within their
territories. Some started to settle down, while others continued to practice highly
mobile foraging (e.g., at the Jinsitai cave site on the Mongolian Plateau, 45°13’N,
115°22’, 1401 m.s.l., associated with perfectly conical microcores); some began to
rely more on aquatic resources or depended on terrestrial plants, some of which even
evolved into cultigens used in food production (N. China) (Aikens & Akazawa, 1996;
S.-Q. Chen, 2014; S.-Q. Chen & Yu, 2017a, b; Habu, 2004; Kuzmin & Orlova, 1998;
Powers, 1996; X.-K. Wang, Wei, Chen, Tang, & Wang, 2010).
Adequate evidence suggests that the Terminal Pleistocene saw dramatic cultural
change. Younger Dryas (Dryas III, 10.8-10.2 ky uncal. BP), as a dramatic cooling
event with a brief return to full-glacial-like climate, had a strong impact on
microblade-based societies. New cultural traits, such as increased exploitation of plant
or aquatic resources, the building of more stable settlements, and use of pottery,
developed at the very end of Terminal Pleistocene. Two cases show possible
connections between climate change and cultural change in microblade-based
societies on the NE Asian continent. An eolian deposit formed during the Younger
Dryas distinguishes the upper cultural layer from the lower one at the Gezishan site
(105.85°E, 38.04°N), showing a dramatic increase of microblade products after the
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Younger Dryas event (Elston, Dong, & Zhang, 2011; Elston et al., 1997; Madsen et
al., 1998; Yi et al., 2013; Yi & Gao, 2014), and high-frequency use of milling stones
and fire-cracked rocks, suggesting a dramatic increase of plant exploitation (personal
communication with Prof. Hui-Min Wang, 2017). Southern Siberia also witnessed
important changes of subsistence, especially increasing bird procurement; areas
around Lake Baikal saw an increase in fishing and the exploitation of other riverine
resources, especially shellfish (Vasil’ev, 2011).
This phase shows heterogeneous technologies and subsistence types. Although
Okladnikov

(1968:

69)

claims

“the

homogeneous

lifeway of

migratory,

semi-sedentary hunting bands” and “an astoundingly homogeneous fundamental
culture of late Paleolithic tribes” in post-glacial (ca. 15-10 ky uncal. BP) northern
Asia (translation cited from Vasil’ev, 2011: 378), from the perspective of the whole of
NE Asia, the Terminal Pleistocene witnessed dramatic changes in terms of
subsistence and technology, showing high diversity, e.g., mobility vs. sedentism,
broad spectrum dietary vs. plant intensification, cultivation vs. intensification without
cultigens, and abandonment of microblade technology vs. continuing use thereof.
However, microblade technology was fully adopted during Phase II and provided the
foundation and a “heritage” for cultural variation and change during Phase III, since
people possessed sophisticated organic and inorganic (i.e., lithic) tool-making
technology, efficient hunting strategies (planned and active hunting, rather than
opportunistic and passive), highly developed extended social networks, and great
knowledge for using plant resources (attested by ground stone tools found in some
LGM sites).
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3.3.4 Phase IV
Different from the preceding three phases during late Pleistocene, Phase IV
refers to Holocene microblade-based societies (10-c.1 ky uncal. BP). The Holocene is
an interglacial period within the Quaternary during which glaciers at the poles and on
mountains retreated rapidly and sea level consequently rose and flooded the
once-exposed continental shelves. In NE Asia, former PSHK and Paleo-Honshu
became several separate islands as they remain today. The seashore dramatically
moved inland as sea level rose during the Atlantic (Holocene temperature maximum)
period (8-5 ky uncal. BP), even arriving at some now-inland regions in the eastern
Hebei Province about 6 ky uncal. BP (Y.-X. Liu, Huang, Dong, Qi, & Zhang, 2015),
corresponding to the peak of the Atlantic warming period. Microblade technology had
disappeared on the Japanese archipelago (Morisaki et al., 2018). However, N. and NE
China had witnessed its coexistence with heavy-duty ground stone tools during the
UP, falling from its peak during the Paleolithic to Neolithic Transition (PNT), its
rising in the Liaoxi region (NE edge of Mongolia Plateau), and its diffusion to SW
China through eastern edge of the Tibetan Plateau eastern edge during early and
middle Holocene (Jia, 1978). During the Middle Holocene, full human occupation on
the Tibetan Plateau was established by agriculturalists using microblade-equipped
weaponry in opportunistic or ambush hunting (M. Zhang, in review-b). Generally
speaking, products associated with microblade technology in Holocene China were
mostly used by agriculturally-based people for hunting as complementary subsistence
or as specialized hunting for economic exchange with neighboring agriculturalists.
Siberia also saw a different picture in terms of subsistence and change in
microblade technology, since there is no clear evidence of food production. In the
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north continent quadrant, however, the main prey changed from Bison priscus, Ovibos
moschatus, Equus caballus, and Rangifer tarandus during the late Pleistocene to
Cervus elaphus, Alces alces, and Capreolus capreolus (Mochanov, 1978: Table 1) in
the Holocene, showing a transition from wooded tundra fauna to forest fauna.
Microblade technology continued to evolve after the Ice Age, especially the
development of pressure technology to produce blades. Various reconstruction
methods are discussed in the book, The Emergence of Pressure Blade Making: from
Origin to Modern Experimentation (Desrosiers, 2012). Based on my microblade
replication experiments, with the exception of reduction methods based on
boat-shaped and wedge-shaped cores, other methods (especially pencil-shaped
microcores)

require

tools

to

support

the

blank

and

help

remove

blades/bladelets/microblades (i.e., some kind of vise and organic material punch).
In sum, Phase IV manifests various resource exploitation strategies, including
hunting as a complementary subsistence strategy, specialized hunting for inter-group
exchange, and aquatic resource exploitation. Products associated with microblade
technology were totally replaced during Holocene in NE Asia: bone-hafted knives
with inserted microblades gave way to ground-stone knives, while points with
inserted microblades gave way to stone arrows (bifacially pressure-flaked or ground).
Although increasing sedentism, closed landscapes, and a decline of grazing animals
led to the decline of microblade technology, the end of microblade technology in
human history was ultimately the result of the development and diffusion of
metallurgy.
To focus on microblade-based societies during the Last Ice Age, this final phase
will not be fully discussed in this dissertation. However, several archaeological sites
associated with microblade assemblages, especially those dated to the PNT, will be
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discussed to help understand variation and change of microblade-based societies
during the Pleistocene-Holocene transition.

3.4 Two Waves of Cultural Change among Microblade-based Societies
This study has systematically discussed the spatial framework (four regions) and
temporal framework (four phases) of microblade-based societies in NE Asia in the
sections above. As frameworks, it is impossible to cover all cases without exceptions.
This dissertation only aims to provide approximate and workable spatial and temporal
frameworks for further studies of microblade-based societies in NE Asia, which has
been generalized in Table 3.3.
Taking into consideration the assumption that technological innovation was used
to solve new problems caused by climate change, four phases of microblade-based
societies can be generalized as follows:
Phase I witnessed the trial-and-error process of lithic technological development.
Prehistoric peoples used different lithic technologies to solve local problems during
the relatively warm MIS 3 and the increasing cooling trend of MIS 2 until the
beginning of the LGM. During Phase I, microblade technology was (re-)invented in
several regions of continental NE Asia, as a local technological type, co-existing with
other lithic industries. According to current evidence, microblade technology in
Siberia might have developed from blade/bladelet production techniques, while in
northern China it might be linked with both flake technology and blade/bladelet
technology (Derev'anko et al., 1998; Y.-P. Wang, 2018b).
Phase II is the period of the establishment of microblade-based societies in all of
NE Asia. Foragers aggregated in assumed refugia, especially river valleys on the
continent (e.g., the Nihewan Basin, the Yellow River Basins, and possibly the
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Transbaikal and S. Siberia), and the PSHK. Three constraints, including limited
terrestrial plant and animal resources due to the LGM, confined distribution of
economic resources in valleys, and increased social pressure associated with refugee
influx, had strong impacts on prehistoric foraging societies and led to changes of their
cultural systems, expressed as prehistoric hunter-gatherers adopting similar
(microblade) technology.
Phase III saw divergence and radiation of microblade-based societies in the
process of niche filling. The radiations include the following technological changes:
(1) microblades were used to equip knives or other tools with cutting edges for
plant-resource harvesting, harpoon was invented for aquatic resource exploitation, and
the Dyuktai complex developed in Siberia; (2) diversity of lithic assemblages
increased in the southern continent, showing broad-spectrum adaptation and then
resource intensification, especially the application of ground stone tools to process
plants for food; (3) microblade technology was replaced by simply designed stone
points in the Paleo-Honshu, similar to the process that the Azilian replaced the
Magdalenian in W. Europe, due to reforestation and disappearance of grassland; (4)
microblade technology developed on the Mongolian and Tibetan Plateaux, for which
there is not much evidence, but this process is much more evident during Phase IV
(full-grown microblade-based societies with early food production). This phase also
saw the diffusion of microblade technology to Alaska, with the earliest acceptable
radiocarbon date for an assemblage containing microblades being c. 11,600 BP or c.
12,360 BP at the Swan Point site (Bever, 2006; Ikawa-Smith, 2007; Magne & Fedje,
2007).
Phase IV witnessed the decline of microblade technology and transformation of
microblade-based foraging societies into early agriculturalists in N. China; innovation
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of microblade/bladelet/blade production methods (i.e., by pressure flaking) during
Mesolithic and Neolithic; full development of microblade-based societies on the
Mongolian Plateau; full occupation by farmers of the Tibetan Plateau with
microblades used to “arm” hunting weapons; and expansion of microblade technology
to southern China. Phase IV also saw the disappearance of microblade technology
with the development of agriculture and metallurgy.
From the generalizations stated above, two waves of cultural change occurred
during the Last Ice Age. The first was the full adoption of microblade technology and
the establishment of microblade-based societies in NE Asia during the LGM (Phase I
 Phase II), which is linked to MIS 3 to MIS 2 transition. This wave of cultural
change coincides with environmental deterioration, which could have heavily
constrained human territory. This took place in many regions, in part as a
technological convergence process.
The second wave of change was the radiation of microblade technology, which
happened during the Pleistocene to Holocene transition. It is linked to Phases II, III,
and IV, which can be further divided into two parts. (i) During the terminal
Pleistocene (Phase II  Phase III), microblade technology was marked by the rise of
conical microcores, the development of organic technology (especially the bone
harpoon), and the exploitation of new habitats. Climatic amelioration freed prehistoric
foragers from the survival-dictated need to inhabit only refugia and provided
opportunities for them to exploit new territories. New technologies derived from
microblade technology or other technologies, especially for small game hunting,
aquatic resource exploiting, terrestrial plant harvesting and processing, were used to
deal

with

local

circumstances.

(ii)

The

cultural

changes

during

the

Pleistocene-Holocene boundary (Phase III  Phase IV) are related to the origin of
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food production in China (the PNT), the establishment of Jomon societies in Japan,
the appearances of pastoralism on the Mongolian Plateau and mixed economy on the
Tibetan Plateau, and the further evolution of microblade technology and
microblade-based societies in Siberia. To sum up, the second wave of cultural change
was a divergence process in terms of technological development.
To fully address the two waves of cultural change, it is necessary to conduct
comprehensive investigation on microblade-based societies in NE Asia. This project
uses a macroecological approach based on Binford’s (2001) work, Constructing
Frames of Reference. After discussing the methodology of this approach (Chapter 5),
six regional case studies are conducted, focusing on the two waves of cultural change
undergone by microblade-based societies in NE Asia.
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CHAPTER 4
The Macroecological Approach
4.1 The Macroecological Approach: Theoretical Background
4.1.1 What is the Macroecological Approach?
According to James H. Brown (1995: 10), in his monograph Macroecology,
“macroecology is a way of studying relationships between organisms and their
environment that involves characterizing and explaining statistical patterns of
abundance, distribution, and diversity”. Six years after the publication of
Macroecology, Binford (2001) published his book, Constructing Frames of Reference:
An Analytical Method for Archaeological Theory Building Using Hunter-Gatherer
and Environmental Data Sets. It is a comprehensive work that includes theory,
method, and practice with which to connect climate data and the ethnographic record
to project hunter-gatherers’ lifeways on a global scale. Though Binford did not use the
term macroecology in his book, the central idea is very close to the macroecological
approach, since both works study complex adaptive systems. Amber Johnson (2014: 4)
characterized

Binford’s

Constructing

Frames

of

Reference

as

having

a

macroecological approach, which distinguishes it from human behavioral ecology and
macroevolutionary approaches, since the two latter approaches “emphasize the
importance of human intent in decision-making that structures variation within and
between societies and, for macroevolutionary approaches, the importance of human
agency in directing processes of cultural change”. In contrast, “Binford’s (2001)
macroecological cross-cultural analysis focuses on ecological conditions, including
distribution of both resources and people, as the factors that must be considered in an
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explanation of variation in strategies” (Johnson, 2014: 4). Thus, Binford’s
Constructing Frames of Reference can be seen as an anthropological version of
macroecology for the cross-cultural analysis of hunter-gatherers under ecological
conditions.
There have been several successful applications of Binford’s Constructing
Frames of Reference in archaeological research associated with prehistoric
hunter-gatherers, especially several dissertations directed by him at Southern
Methodist University. These included variability in the pace and pattern of cultural
evolution in the Southwest (Johnson, 1997), adaptive changes of prehistoric
hunter-gatherers during the Pleistocene-Holocene transition in China (S.-Q. Chen,
2004), and pit cooking and intensification of subsistence in the Southwest and Pacific
Northwest (Yu, 2006). Moreover, to make this approach available for users, Johnson
and Binford made a Java version of the calculations, which is updated and named as
EnvCalc2.1 (Binford & Johnson, 2014). This program allows archaeologists to input
values for required variables and to create an output file with both calculated
environmental variables and modeled or projected hunter-gatherer behaviors.
Binford (2001: Chapter 9) uses “system states” to generalize cultural systems of
hunter-gatherers (Table 4.1). Cultural change among hunter-gatherers can be
explained as the transformation from one system state to another, for example, how
hunter-gatherers become agriculturalists or pastoralists.
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Seven possible system states of hunter-gatherer societies
(1) mounted hunters
(2) part-time agriculturalists
(3) mutualists
(4) egalitarian without leaders
(5) egalitarian with leaders
(6) societies with ranked wealth
(7) societies with ranked elites
Table 4.1 System states of hunter-gatherer societies

According to the current archaeological literature, there is no credible evidence
suggesting leadership, difference of wealth, and ranking among microblade-based
societies during the Last Ice Age, though social complexity might have developed in
some of microblade-based societies during the early Holocene, especially those that
adopted specialized hunting for exchange, part-time agriculture, or a mutualistic
(symbiotic) economy with farming-based groups. Taking of consideration that
ranking and social stratification appeared in the intensified hunter-gathering groups,
especially those haved added aquatic resource into their diet and land tenure during
the Holocene, the dissertation assumes that, generally, the hunter-gatherers equipped
with microblade technology were egalitarian without permanent leadership, and
cultural changes during the Pleistocene-Holocene transition could have been mainly
caused by transformation of one system state from previous egalitarian societies
without leaders to other forms of system state.
4.1.2 To Study the Past Using Modeled Past Climate Data
Amber Johnson (2014) has summarized the latest development of Binford’s
frames of reference in terms of archaeological applications, suggesting that there is
great potential in using this method to propose research questions and to do theorybuilding on past hunter-gatherer behavior and social organization. However, almost
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all the previous studies have used modern climate data, rather than paleoclimate data
to model the behaviors of foraging societies. Johnson (2008) successfully tested
expectations of analytical models linked to the impact of climate change on
demographic variables, which suggests the potential for using paleoclimate data to
model past hunter-gatherer behaviors and social organization. The simulated LGM
monthly temperature and precipitation data of the WorldClim project provide the
author an opportunity to extract data for the current weather stations, and two groups
of climate data can be used as basic variables to compare further output variables for
hunter-gatherers in two climatic conditions – modern and the LGM – used to be
general analogs for interglacial and glacial periods.
The basic assumption of the application of Binford’s “Frames of Reference” is
uniformitarianism. The cross-cultural comparisons advocated by Binford are a kind of
uniformitarian strategy, since the tactical reasoning from the known to the unknown,
or from better-known domains to less well-known domains, follows the assumption
that other things being equal, climatic and ecological factors that constrain
hunter-gatherers’ behaviors in one place also constrain hunter-gatherers’ behaviors in
another place. The application of past climate data in this dissertation also follows this
assumption, which can be modified as “other things being equal, climatic and
ecological factors that constrain modern hunter-gatherers’ behaviors also constrain
hunter-gatherers’ behaviors in the past”. Although this assumption has not been
systematically and rigidly tested, it is worthwhile to try to use past climate data to
model behaviors and social organization of hunter-gatherers of the past.
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4.2 Cultural changes among microblade-based societies
This dissertation adopts a macroecological approach to discuss cultural processes
among microblade-based societies in NE Asia. This approach is ecologically- and
anthropologically-oriented, focusing on interactions among climate, habitat, and
behaviors and organization of hunter-gatherers, with which the archaeological record
is expected to be decoded. Unfortunately, limited by accessible, published research
documents and the dominant, artifact-centered, descriptive approach of the
culture-historical paradigm, it is rather difficult to reconstruct the lifeways of
microblade-based societies, comparing the studies of contemporaneous prehistoric
foraging societies (with or without microliths) in Europe and North America (Huckell
& Kilby, 2014; Straus, 2015; Straus et al., 2012). However, to demonstrate that this
approach to cultural process is possible, if I can find an effective way to connect
human behaviors and the archaeological record against the background of
environmental constraints that impacted variation in the subsistence and social
organization of hunter-gatherers. Though the current published archaeological record
is inadequate to form substantial arguments, it can be reinterpreted within a new
explanatory framework, aiming to propose new hypotheses for further research to test.
4.2.1 Paleoclimate, Technological Organization, and Macroecology
Recently, a volume Lithic Technological Organization and Paleoenvironmental
Change: Global and Diachronic Perspectives was published by Erick Robinson and
Frederic Sellet (2018), and is the most recent global study taking a lithic technological
organization approach since Binford (1976) proposed this terminology in his paper,
“Forty-seven Trips”. This dissertation adds another dimension – macroecology – to
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the technological organization (TO) approach and to paleoenvironment studies in
archaeology (Fig. 4.1).

Macroecology of
Hunter-Gatherers

Lithic Technological
Organization

Paleoenvironmental
Change

Figure 4.1 Interactions among macroecology, paleoenvironment, and lithic
technological organization

The research strategy adopted in this project is a combination of technological
organization and paleoclimate change studies against the background of a
macroecological approach to hunter-gatherer societies, using a series of models and
ethnographic projections. The variability of hunter-gatherer societies can be projected
into different initial environmental conditions, something that is expected to help
archaeologists investigate technological change against the background of climate
change during the late Pleistocene and early Holocene. The connections among the
three elementary approaches are summarized in the following paragraphs.

(1) Paleoenvironmental Change
Since the early stage of Paleolithic archaeology in the late 19th century,
archaeologists have been using paleoclimate indicators and collaborating with
geologists, paleontologists and, more recently, paleoclimatologists to reconstruct past
environments. This effort developed into an inter-disciplinary study termed
“environmental archaeology”, especially during the age of processual archeology
since the 1960s (Butzer, 1964; Dincauze, 2000). The paleoeconomic school of

72

prehistory in Britain and Western Europe and human ecology studies in the US
provide archaeologists effective and systematic methods, including those of
geoarchaeology, paleoethnobotany, and zooarchaeology, with which to reconstruct
past environments and ecosystems (Butzer, 1982; Higgs, 1975). The most common
materials analyzed include sediments, spores of nonflowering plants and pollen of
higher plants, shells, teeth and bones of animals, and now stable isotopes. Operating
under the principle of uniformitarianism, archaeologists attempt to reconstruct
paleoenvironments based on the current habitats and adaptations of the living species
whose remains are discovered in prehistoric sites in form of hard, relict structures.
The paleoenvironmental information from geomorphology, such as the physical traces
of glacial and interglacial cycles, retreat and advance of glaciers, fluvial down-cutting
and aggradation, and fluctuation of shore lines, deposition of loess during the glacial
periods, soil formation during interglacials, etc., have also been widely used by
archaeologists to take into consideration the impacts of climate change on past
foraging societies. During the last few decades, oxygen isotopic data, including those
extracted from deep ocean cores, ice cores, lake sediments, and speleothems provide
archaeologists more accurate and precise data on climate change.
In recent decades, several prominent volumes have successfully turned
archaeologists’ research focus from the culture-historical approach – especially on the
technological evolution of lithic artifacts – to human adaptations during the Last Ice
Age. On the super-regional scale, one of the best research areas is Western Europe,
including, for example, the Solutrean techno-complex with its settlement
concentrations in southern France and Iberia (i.e., SW Europe) associated with the
LGM (Straus, 2015), and the widespread and expansionist Magdalenian settlement
associated with the post-LGM climate amelioration, revegetation and recolonization
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of northerly areas by animals and humans (Straus et al., 2012). On a continental scale,
one example is the regional human responses to the LGM in northern Eurasia,
showing variations in weaponry, subsistence and landscape use (Straus, Buvit, Terry,
& Izuho, 2016b). Archaeologists have been developing this kind of research on a
global scale for at least three decades, including the global impact of the LGM
(Gamble & Soffer, 1990b; Soffer & Gamble, 1990), and the the impact of the
Pleistocene-Holocene transition (Straus et al., 1996). The near-global microlithization
phenomenon is assumed to be associated at least in part with the LGM (Elston &
Kuhn, 2002).

(2) The Macroecology of Hunter-Gatherers
Within current studies on cultural adaptive changes against paleoclimate change,
the nature of any causal relationship of technological and cultural change still seems
ill-defined and ambiguous. Some archaeologists give priority to environmental forces
in understanding past cultures and others focus on the role of population pressure (or
the two combined), while others highlight the pure cumulative development of
technology itself as a driving force, and still others focus in general terms on
human-environment interactions (see criticisms of the above perspectives by Binford,
2001: 434-464, Chapter 12). In other words, when applying climate data to the
explanation of cultural change in the past, archaeologists always assume that it had a
self-evident impact, because of a series of changes that happened during or shortly
after the climate change, including alterations in settlement pattern, lithic technology,
and subsistence. For example, environmental change prior to, during or after the LGM
is assumed to be an important factor causing the observed cultural changes. Thus,
though some archaeologists have tried their best to arrange the sequences of climate
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change and archaeological record in correct order, the question “how did climate
change impact the lifeways of hunter-gatherers” has not been fully explained at the
level of mechanisms of cultural change. The direct links between environmental
change (whether deterioration or amelioration) and human response are still
unreliably understood, since some world regions simultaneously underwent
deterioration, while others benefited with amelioration in terms of hunter-gathering
lifeways. Indeed some regions (especially at the higher latitudes) are associated with
higher magnitudes of deterioration/amelioration, while others (notably at the lowest
latitudes) saw lower magnitude changes, making the assessment of climatic
deterioration or amelioration questionable in the discussion of the complicated links
between environment and human responses.
Different from the traditional approach of discussing human-environmental
interaction in a historical narrative fashion, this dissertation project adopts a new
perspective, using the environmental variables actually conditioning hunter-gatherers’
behaviors and lifeways to explore variability and change in human subsistence, group
size, and density. This macroecological approach is expected to assess impacts of
paleoclimate change on hunter-gatherers. In case studies detailed in Chapters 6 and 7,
a macroecological approach is used to study variation and change of technological
organization among microblade-based societies, under glacial and interglacial
climatic conditions.

(3) Technological Organization
The technological organization approach was a revolutionary idea in lithic
analysis, which provided a dynamic viewpoint on the life-history of lithic tools and its
link with site formation process. This approach has become the mainstream of lithic
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analysis in the US since the debate on interassemblage variability between Bordes and
Binford in the 1960s-early 1970s (Binford, 1973, 1983; S. R. Binford, 1968; Bordes
& de Sonneville-Bordes, 1970). Based on his ethnoarchaeological fieldwork among
the Nunamuit in northern Alaska, Binford (1973, 1976) argued that technology used
in gear constitutes a strategy linked to different uses of places and different plans,
which could produce variation across assemblages. Thus, “organizational variability
is one of the major characteristics of cultural variation in general” (Binford, 1976: 36).
In further studies, Binford and other archeologists he proposed several viewpoints
linked with technological organization, including curated and expedient technology
and tools (Binford, 1973, 1979, 1977), formal and informal tool design
(corresponding to high and low raw material quality and availability) (Andrefsky,
1994), and high and low time-stress on tool-making considering time-budgeting
(Torrence, 1983). The research on technological organization provides systematic
archaeological thinking on the factors leading to interassemblage variability, rather
than simply explaining it as ethnic difference. This dissertation emphasizes the
ecological background of variation and change in microblade technology and its
alternative technologies, rather than the putative ethnicity of hunter-gatherer groups,
just as among the microblade and non-microblade assemblages in NE Asia (Yesner &
Pearson, 2002).
Most information on the organization of microblade technology comes from the
functionalist approach of American archaeologists in the volume, Thinking Small
(Elston & Kuhn, 2002), which focuses on the comparative advantages of microblade
technology in cultural adaptation during MIS 2. These advantages include weapon
elements that were more reliable and easier to maintain (Bleed, 2002), strong and
lethal weapons (Elston & Brantingham, 2002), light-weight and thus suitable for
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high-mobility lifeways (Goebel, 2002), and more effective use of lithic raw materials
(Yesner & Pearson, 2002). According to the above viewpoints, microblade
technology was designed to be a curated and formal technology, using high-quality
raw materials to make composite tools, and the Pleistocene microblade-based
societies had a good sense of scheduling in highly time-stressed environments.
In the case studies presented in Chapters 6 and 7, the organization of microblade
technology is placed in the background of cultural changes of microblade-based
societies, including formation of microblade-based societies during the MIS 3 to MIS
2 transition, and the divergence and ultimate disappearance of microblade-based
societies during the Pleistocene to Holocene transition. The organization of
microblade technology is linked to a high level of curation, high mobility, and
effective hunting in open landscapes. It represents a contrast to cultural adaptations
associated with the pottery and ground-stone technologies, both of which are in turn
linked to sedentism or highly redundant mobility due to their characteristics, i.e., the
fragility of pottery vs. the durability of ground stone tools.

4.2.2 Cultural Changes among Microblade-based Societies: Research Questions
This dissertation assumes that as a technology to produce small lamellar flakes
(bladelets) for use in composite weapon tips (projectile points), the appearance of
microblade technology should be considered as an emergent process. Microblade
technology could have been invented at any place in NE Asia due to the needs of
prehistoric hunter-gatherers during the Upper Paleolithic, since they had basic
knowledge with which to produce microblades, including bifacial technology, blade
technology, and prismatic technology (see Chapter 2). It is unproductive to focus on
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the origin and spread of microblade technology as is done in the culture-historical
paradigm, and there are several productive and provocative research questions that
can be addressed if we adopt the alternative macroecological explanatory framework,
focusing on lifeways of microblade-based societies and the mechanisms of cultural
change behind them. There are two prominent research questions:
(1) How did prehistoric foraging societies successfully adapt to LGM environments,
and what role did microblade technology play in this process? (Chapter 6)
(2) How did prehistoric foraging societies change their adaptive strategies during
the transition from the Paleolithic to the Neolithic (or to the Mesolithic in some
regions), and what role did microblade technology play in these processes?
(Chapter 7)
The first research question is associated with the Phase I to Phase II development
of microblade-based societies, showing widespread adoption of microblade
technology across northern NE Asia, with as many as 100% of sites being associated
with microblade assemblages in the PSHK and Transbaikal during the Phase II. This
research question is an echo of Ikawa-Smith’s (2007: 193) question: “where, and
when did the proto-type (in the Altai Mountains) become a full-grown microblade
industry?” This project argues that becoming a full-developed technology was an
emergent

process,

rather

than

a

historical

event,

and

uses

an

anthropologically-oriented and systematic way of thinking to explain the convergence
of lithic technology from heterogeneous and typically flake-dominated technology to
homogeneous and microblade-dominated technology during the LGM. Taking into
consideration

the

fact

that

microblade

technology was

subsistence-based,

technological change can be explained in the framework of cultural change in terms
of subsistence change.
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The second question is linked with the deglaciation process after the LGM and
revegetation due to the recovery of monsoons beginning ca. 15 ky uncal. BP in NE
Asia. Phase III in the terminal Pleistocene witnessed dramatic climate fluctuations
with de-vegetation and re-vegetation cycles, linking Phase II (LGM) and Phase IV
(early Holocene), and also saw the flourishing of microblade technology. This is
reflected by the maturation of bifacially prepared wedge-shaped microblade
production in System A according Kobayashi’s classification, and widespread use of
pencil-shaped conical microcores. In addition, there was a partial decline in
microblade technology, as shown by its replacement by bifacial points and
flake-based points in the Japanese Archipelago and Korean Peninsula. Technological
change from Phase II to Phase IV witnessed one of the most dramatic cultural changes
in human history – the beginning of agriculture (see Kelly, 2016). Chapter 6 shows a
picture of subsistence change from unpacked to packed population conditions,
suggesting that prehistoric hunter-gatherers in northern NE Asia changed their
lifeways

during

the

Pleistocene-Holocene

transition,

some

to

aquatic

resource-dependent subsistence and some to food production, which is very different
from hunting-dominated subsistence under the unpacked condition.
In this project, target sites or regions will be positioned on specific GIS maps
based on the variables of Constructing Frames of Reference (Binford, 2001; Binford
& Johnson, 2014), to understand the environments surrounding them and possible
human behaviors associated with the sites. Several maps are produced to support the
arguments built for the region and to propose new hypotheses dealing with human
cultural adaptive strategies, lithic technological organization, as well as variation and
change in lithic technology among the microblade-based societies (Chapters 6 and 7).
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4.2.3 The “Refugium Model”: A Starting Point to Study the First Wave of Cultural
Change
Climate refugia serve as locations “preserving local habitats that enabled species
to persist in an otherwise inhospitable region, from which they expanded when
conditions improved” (Gavin et al., 2014: 38). During glacial periods, discrete glacial
refugia for humans formed. Humans almost completely abandoned N. Eurasia and
moved to refugia in southern parts of the continent during the LGM, and recolonized
the abandoned areas during the warming period after the LGM (Alexander & David,
2016). The refugia/colonization perspective (Gamble & Soffer, 1990a: 14) can be
shortened to the “refugium model” for the purposes of this project. The expressions
“refuge”, “refugium” and “refugia” have been used in the literature in NE Asian
Upper Paleolithic (e.g., Buvit & Terry, 2016; Buvit, Terry, Izuho, Konstantinov, &
Konstantinov, 2015; Graf, 2009a), to discuss possible human migrations prior to and
after the LGM and the appearance of microblade technology in Transbaikal after the
end of the LGM (Buvit et al., 2016b). The “refugium model” has been widely used in
European Upper Paleolithic archaeology, such as for the Solutrean phenomenon and
the microlithization process (Straus, 2002) and post-LGM recolonization of northern
Europe (Fu et al., 2016; Jochim, 1987; Soffer, 1987).
According to recent studies on microblade technology, two refugia can be
assumed to have existed in NE Asia. The first one is the PSHK, in which LGM
refugia for humans are assumed to have which outside of Siberia proper (Graf, 2014:
74). Wedge-shaped microcores from the Altai and microcores from the Transbaikal
are assumed to be transmitted to the PSHK at the beginning of LGM, and then
transmitted back to the formerly unpopulated Transbaikal at the end of LGM (Buvit et
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al., 2016b). Another one is northern China. The LGM witnessed a southward
migration of hunter-gatherers (L. Barton et al., 2007). The appearance of
wedge-shaped microcores in the Nihewan Basin is assumed to be the consequence of
human migration from Transbaikal (Zhu, 2006). This model is based on a
culture-historical explanation of cultural change, using human migration and
technological diffusion to explain the appearance of microblade technology in
Transbaikal during the post-LGM Pleistocene and its spread to northern China. The
“refugium model” as a hypothesis will be fully tested in Chapter 6, using the
macroecological approach.
4.2.4 The Pleistocene-Holocene Transition: Investigation of the Second Wave of
Cultural Change
The second wave of cultural change is linked with the niche-filling process of
hunter-gatherers. Local population growth or human migration from former LGM
refugia might have happened, accompanying the climate amelioration during
Bölling/Alleröd interstadial in the terminal Pleistocene. This wave of cultural change
is related to Phase III and IV of microblade-based societies. Four case studies are
presented in Chapter 7, including Incipient Jomon, Mesolithic cultures in E. Siberia,
Paleolithic to Neolithic transition in N. China, and occupation of the Tibetan Plateau.
Unlike previous cultural narrative studies, this dissertation employs a macroecological
approach to study interactions among hunter-gatherers’ adaptive change, paleoclimate,
and technological organization, aiming to study dynamics behind the cultural change
of microblade-based societies in NE Asia.
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4.3 Construction of Input Files for Binford’s Frames of Reference from Existing
Data Sources Under Two Contrasting Climatic Conditions
Following Binford and Johnson’s macroecological approach based on
complicated links among ecological constrains, geographic position, and living
hunter-gatherers, the dissertation expands the application of the EnvCalc2.1 program
to investigate possible behavioral and organizational changes of prehistoric
hunter-gatherers during the Last Ice Age and early Holocene. Assuming that the
interglacial period had climatic conditions generally similar to those of modern times,
I will use the weather station data for the last century to model climate variables
during early Holocene and MIS 3, and their impacts on the prehistoric
hunter-gatherers during interglacial periods. The website WorldClim provides
modelled temperature and precipitation for the LGM period, which are used to model
variables for the LGM and similar climatic conditions, such as Dryas I (Oldest Dryas),
Dryas II (Older Dryas), and Dryas III (Younger Dryas) (Table 2.4). Dramatic
decrease in atmospheric CO 2 during the late Pleistocene (Sage, 1995) would also
have a serious impact on the primary biomass and consequently secondary biomass.
However, because the modelling is based on the assumption that the level of CO 2 is
constant, we need to keep in mind that the modelled values of productivity might be
lower if taking of consideration the decline of atmospheric CO 2 under Late
Pleistocene climatic conditions.
Amber Johnson’s team at Truman State University recently presented a poster to
show the methodology the used to build an input file for Binford’s frames of reference
from existing data sources (Lamkin, Mrasek, Edwards, & Johnson, 2016). I employ a
similar procedure, including extracting the data from digital maps with the aid of
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ArcGIS; filling in the input file mode; and running the EnvCalc2.1 program. Two
output files would be produced under two climatic conditions.
The following paragraphs are short introductions of the data collection. To
make the narrative clear, background information is also provided, especially the
sources of data used for the two input files.
4.3.1 Modern Weather Station Data
Constructing Frames of Reference assembles climate data from 1,429 weather
stations around the world to link specific ecological patterns and some organizational
properties of 339 foraging groups, aiming to build a series of generalizations of
hunter-gatherers’ behaviors and to provide reference frames for archaeological studies
based on projected patterns of foraging societies. However, the database in this book
and the additional Excel file, named “1429 world weather stations output”, as
provided by Binford and Johnson (2006), unfortunately is of inadequate sample size
in terms of weather station data to make high-resolution models for hunter-gatherers
in NE Asia (n=144). To overcome this weakness, I have collected much
higher-density climate data – especially monthly temperature and rainfall – from 426
weather stations in mainland China for the years 1951-1980 (Qixiangzhongxin, 1985a,
b). For Mongolia, Japan, N and S Korea, and the Taiwan Island, I use data from 212
weather stations in the Global Climate Network for the years 1961-1990 (GCN) 1, 3
weather stations of the Central Weather Bureau of Taiwan for the years 1981-2010 2,
and 1 from the Hong Kong Observatory for the years 1961-1990 3. Locations of the

1

https://www.ncdc.noaa.gov/nespls/olstore.prodspecific?prodnum=4452, downloaded from
ftp://ftp.atdd.noaa.gov/pub/GCOS/WMO-Normals/Documentation-and-Codes/, and compiled by Amber Johnson.
2
https://www.cwb.gov.tw/V7e/, for monthly temperature, see
https://www.cwb.gov.tw/V7/climate/monthlyMean/Taiwan_tx.htm
3
http://www.hko.gov.hk/contentc.htm, only for Petropalovsk-Kamca,
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weatherstations are mapped in Fig. 4.2. Limited by the data from various sources
covering different time ranges, I have to assume that the climate change during the
past 60 years has not been great enough to produce significant errors for the modeling
of hunter-gatherers’ behaviors. In addition, several other variables are also required to
run the EnvCalc2.1 program. Soil data could be extracted from the Global Soil
Regions Map 1. However, the GIS map used in this dissertation comes from the
database created by Dr. Paul Reich, the manager of the database (personal
communication 2017). The 2015 version is used in the dissertation. Vegetation data
are extracted from TNCMAPS of The Nature Conservancy 2. The data are extracted
from the GIS maps named as “Terrestrial Ecoregions” 3. Distance from coast was
obtained by manual measurement from GoogleEarth. The soil and vegetation data
have been transformed to Binford and Johnson’s code.
The weather station data can be assumed to provide climate evidence for
Holocene hunter-gatherers as well as make comparisons and discern possible
relationships. It also can be used to project behaviors of hunter-gatherers in NE Asia,
assuming that the current climate is generally similar to that of the early Holocene
(i.e., pre-mid-Holocene optimum).
4.3.2 The Database for the LGM
Compared to the weather station database for recent decades, the database of the
LGM is lacking. For the basic geographic data, 120-meters are added to the current
elevation of each weather station to cover for LGM sea level regression. Soil data
remain the same, since there has not been significant change since the LGM (S.-Q.
http://www.weather.gov.hk/prtver/html/docs/wxinfo/climat/world/eng/europe/russia/petropavlovsk_kamca_e.shtml
1
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/use/maps/?cid=nrcs142p2_054013
2
http://maps.tnc.org/index.html
3
http://maps.tnc.org/gis_data.html#TerrEcos
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Chen, personal communication, 2018). Using the “ruler” measurement function, the
distance of sites from the coast during the LGM is measured from the target stations
to the coastlines (~120m below present sea level) on GoogleEarth near the edge of the
continental shelf, based on several sources, including a world map (Ray & Adams,
2001), a map of E China (Kato, 2014: Fig. 1), a map of Japan and Korea (Morisaki et
al., 2015: Fig. 1), and a map of Beringia (Goebel & Buvit, 2011a: Fig. 1.1).
The LGM temperature and precipitation data are extracted from the digital map
of the WorldClim, version 1.4 (past conditions) 1, using as a source CCSM4 (The
Community Climate System Model 4.0, David Zeanah, personal communication
2018), with a 2.5-minute (of a longitude/latitude degree) spatial resolution (about 4.5
km at the equator). It provides simulated monthly temperature and rainfall data 2,
which can be used to retrodict hunter-gatherers’ behaviors during the LGM period.
There are several vegetation maps available for this project; Ray and Adams
(2001) made GIS-based map for the world LGM map. In addition, for my study of
microblade assemblages in the Last Ice Age, I use several maps (Kuzmin, 2008;
Morisaki et al., 2015; Velichko & Kurenkova, 1990; S.-Y. Wang et al., 2017) as
references for local vegetation in Chapters 5-7.
4.3.3 Instructions for Running the EnvCalc2.1 Program
The EnvCalc2.1 program can be downloaded from the webpage “Data and
Program” produced by Amber Johnson 3. It is a calculator based on a series of
functions in Binford’s Constructing Frames of Reference. After installing the Java
1

http://www.worldclim.org/paleo-climate1 It provides the following variables: tn - monthly average minimum
temperature (degrees C * 10), tx - monthly average maximum temperature (degrees C * 10), pr - monthly total
precipitation (mm), bc/bi – “bioclimatic” variables.
2
Using the average of maximum and minimum temperature to estimate monthly temperature, since the database
does not provide monthly mean temperature.
3
http://ajohnson.sites.truman.edu/data-and-program/
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program in the computer, open the EnvCalc2.1 program, and click the manu “Start>”,
and choose the comma separated value files (.csv) of input data (Fig. 4.3a). Then in
the next Dialog box, select all options except Button 3 under Step 3 (Fig. 4.3b).

a

b

Figure 4.3 Instructions of the EnvCalc2.1 program
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Several seconds later, an output file appears, and it is saved as a comma
separated value (.csv) file, which can be used for ArcGIS and SPSS for the further
data analysis. If the calculation stops, there could be some problems in the input file,
which would need to be fixed before the next trial.

4.4 Summary
This chapter systematically introduced the macroecological approach, which has
a connection with Binford’s (2001) Constructing Frames of Reference. Changes in
lithic technological organization are linked with paleoclimatic conditions, and they
can be studied under the macroecological approach to hunter-gatherer adaptive
systems. I adopt a research strategy combining the macroecological approach, the
technological organization approach, and paleoenvironmental studies, to provide an
explanatory framework alternative to the culture-historical approach (Chapters 6 and
7).
Then, the procedure of the running of EnvCalc2.1 program was introduced, with
which input files composed by coordinate, elevation, soil type, vegetation type,
monthly average temperature, monthly average precipitation of each weather station
under two climatic conditions, are calculated. The output files are the databases used
in the following chapters to display climate variation, subsistence specialization,
group size, population pressure, and so forth in a series of maps. Before studying
microblade-based societies in each region, it is necessary to describe the methodology
of the macroecological approach by setting a stage for modeled or projected behaviors
and social organization of hunter-gatherers under both interglacial and glacial climatic
conditions.
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CHAPTER 5
Developing a Frame of Reference
This chapter presents a general analysis of the output files produced in Chapter 4,
using the macroecological approach. It proposes to provide a frame of reference for
archaeologists to study impacts of climate change during the late Pleistocene and early
Holocene (i.e., interglacial MIS 3 to MIS 1, through glacial MIS 2) on subsistence,
population density, and social organization of prehistoric hunter-gatherers. As mentioned
in Chapter 4, the modeling is based on variables under two climatic conditions: modern
climatic condition representing the interglacial period, and the LGM climatic conditions
representing the glacial period.
A series of maps are presented in this chapter. First, impacts of environmental
change to the hunter-gatherers will be fully displayed in terms of some variables linked
with climate, biomes, and specific habitats. Second, the Minimalist Terrestrial Model will
be introduced to model the human subsistence and population density if they only used
terrestrial plant and animal resources to maintain their daily lives and survival. Third,
density-dependent change in subsistence will be modelled, based on a series of
projections from the living hunter-gatherer ethnographic groups and the environmental
variables associated with them, which aims to model cultural adaptations of the
prehistoric foraging societies in NE Asia, in terms of subsistence specialty, group size,
and mobility. The fourth model is the Growth Rate Model, which is used to assess
cultural change under population packing conditions. After running the EnvCalc2.1
program. The relevant variables used to map basic hunter-gatherers’ adaptive information
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under the two climatic conditions are presented below.

5.1 Key Variables
The EnvCalc2.1 program uses basic weather station and geographic input data to
calculate hundreds of variables measuring different dimensions of the environment and
uses these to both model and project aspects of hunter-gatherer subsistence, mobility, and
social organization (Binford & Johnson, 2014). A small number of these variables are
mentioned directly in Constructing Frames of Reference (Binford, 2001). To fulfill the
basic requirement of this dissertation project, some key variables are picked out; they are
listed in Table 5.1.
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Topics and
models
Climate, Biomes,
and Habitat

Hunter-gatherers

Variable

Definition*

Climate

GROWC

Length of growing season: Length of growing season. Number of
months with mean temperatures greater than 8 degrees Celsius.
Effective Temperature: a measure designed to examine biological
implications of ambient warmth
Temperateness: tracks differences in temperature range between
adjacent months at specific locations, with a positive bias in favor
of locations where mean wither temperatures are above 0°C.
Coefficient of variation of monthly rainfall array
Snow accumulation: the amount of surplus water accumulated in
months with a mean monthly temperature less than 1°C.

ET
TEMP

CVRAIN
SNOWAC

Minimalist
Terrestrial Model

Biomes and Habitat

NAGP
BIO5
EXPREY

Net Above-Ground Productivity
Primary biomass
Expected moderate body-size ungulate biomass (kg/km2)

Population density

TERMH2

Number of persons per 100 km2 unit who could be supported by
the ungulate resources alone
Number of persons per 100 km2 unit who could be supported by
the plant resources alone
Population density expected at a particular location, expressed in
terms of persons per 100 km2.
Terrestrial model percentage dependence upon terrestrial animals
Terrestrial model percentage dependence upon terrestrial plant
foods
Terrestrial model expected subsistence bias for use with
ethnographic cases
h=hunting, g=gathering, m=mixed, u=uninhabited

TERMG2
TERMD2
Subsistence
specialty

TERMHNT2
TERMGTH2
SUBSPX2
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Modelling
Subsistence
density-dependent
change in
hunter-gatherer
subsistence

WHUNTP
WGATHP
WFISHP
SUBSPE

Population density
Group size

WDEN
EXGRP1
EXGRP2
EXGRP3

Growth Rate
Model and
Density
controlled
subsistence

Mobility

EXDMOV1

Subsistence
specialty against the
unpacked
background
Subsistence
specialty against the
packed background

UPSUBSPE

Expected percentage of hunting using ethnographically known
hunter-gatherer cases
Expected percentage of gathering using ethnographically known
hunter-gatherer cases
Expected percentage of fishing using ethnographically known
hunter-gatherer cases
Ordinal classification of projected HG subsistence specialty
1=hunting, 2=gathering, 3=fishing
Projected hunter-gatherer density
Projected mean size of smallest residential group, segmented by
group pattern and subsistence specialization bias.
Projected mean size of largest residential seasonal camps,
segmented by group pattern and subsistence specialization bias.
Projected mean size of periodic regional camps, segmented by
group pattern and subsistence specialization bias.
Projected expected number of residential moves per year, scaled
for subsistence type, for groups with year-round camp to camp
mobility pattern.
Ordinal classification of projected unpacked HG subsistence
specialty (packing multiplier=.5)
1=hunting, 2=gathering, 3=fishing

D1PSUBSPE Ordinal classification of projected packed HG subsistence specialty
(packing multiplier=1)
1=hunting, 2=gathering, 3=fishing

Table 5.1 Key variables used in this research project
Note: * from “variables used or calculated in EnvCalc2.1 program (except UPSUBSPE and D1PSUBSPE), download
from http://ajohnson.sites.truman.edu/data-and-program/
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5.2 Climate, Biomes, and Habitat
Binford’s frames of reference, as applied in this project, are expected to enable
the building of detailed and quantitative links between environment and human
responses as hunter-gatherers, both in the modern climate (assumed to be equivalent
with the early Holocene) and in the past climate (using modeled LGM data). Different
from those purely rebuilt based on vegetation and faunal remains (only inferred as
cooler and drier than today), the monthly temperature and rainfall data used for the
modelling in this project are quantitative, and are extracted from the systematically
reconstructed LGM by the tools in the GIS software 1. It can provide archaeologists a
rare and valuable opportunity to utilize two sets of data (modern and LGM) to build
frames of reference for past foraging societies in the interglacial and glacial ages.
Combining the modern weather station data and past modelled weather station data,
the EnvCalc2.1 program developed by Johnson and Binford can generate two separate
output files on projecting the subsistence, mobility patterns, and social organization
we would expect for known hunter-gatherers under similar environmental conditions.
These modeled and projected variables can be used to explore patterns in the
archaeological record through mapping and cross-variable plot graphing. They are
expected to facilitate archaeologists to propose hypotheses regarding hunter-gatherer
behavioral variability over vast areas (e.g., NE Asia), and their change from a
generally warmer period to a cooler period (MIS 3 – MIS 2) or vice versa (MIS 2 –
MIS 1). First, I discuss the differences of climate and their impact on foraging
societies in NE Asia.
1

http://www.worldclim.org/paleo-climate1
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5.2.1 Climate
(1) Growing Seasons (GROWC)
Length of growing seasons as a variable (GROWC) can be used to compare the
numbers of months with mean temperatures greater than 8°C in the both climatic
conditions. Comparing with the map calculated from the modern weather station data,
it is obvious that, the one from the LGM climate data shows much shorter growing
seasons at the higher latitudes (Fig. 5.1). During the LGM, the area with a growing
season of less than one month appeared and occupied a vast part of the circum-Arctic
region; the area with a growing season of less than three months greatly expanded
during the LGM, moving from the circum-Arctic region southward to the zone
stretching from the Mongolia-China boundary to La Perouse Strait (the strait dividing
Sakhalin and Hokkaido islands). The six-month growing season line also moved
southward, suggesting shorter summers and thus less time for plants to grow during
the LGM.

(2) Effective Temperature (ET)
To think about abundance and availability of food resources, it is useful to
compare the ET (effective temperature) under the two climatic conditions. This
provides a means to “track the effect of intra-annual temperature differences on the
length of the growing season” (Binford, 2001: 59). Binford (2001: 58-59) uses the
following formula to calculate the ET:
ET = (18*MWM-10*MCM)/(MWM-MCM+8)
Where MWM = Mean temperature in degrees centigrade for the warmest month of
the year; MCM = Mean temperature in degrees centigrade for the coldest month of the
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year.
In the same book, Binford (2001: 267, Generalization 8.12) further adds four
thresholds for ET, including the growing season threshold, the storage threshold, the
terrestrial plant threshold, and the subpolar bottleneck, which are summarized in
Table 5.2.

ET Threshold
Growing
season
threshold
The storage
threshold
The
terrestrial
plant
threshold
The subpolar
bottleneck

Degrees
centigrade
18

Explanation
ET>18: 12-month growing season
ET=15.25-18: less than 12-month growing season; storage is not
required

15.25
12.75

11.53

ET=12.75-15.25: plant-dominated subsistence strategies
(gathering) can be expected; storage is required
ET=11.53-12.75: plant-dominated subsistence strategies are not
expected, except in rare instances in which temperate climate
extends the growing season in spite of lowered temperatures during
the growing season; animal-dominated subsistence strategies
(hunting) can be expected
ET<11.53: very narrow range of net above-ground productivity
values, representing forest biomes with substantial biomass but
very little species diversity

Table 5.2 Effective temperature and 4 thresholds associated with major changes in
the behavior of hunter-gatherers that regularly occur have been identified (Binford,
2001: Generalizaiton 8.12)

The ET Maps in Fig. 5.2 clearly suggests that all the threshold lines move
southward under LGM conditions, comparing with the modern conditions. The
ET=12.75°C (the terrestrial plant threshold) moves from S. Hokkaido to S.
Paleo-Honshu, and from the Yanshan Mountain (41°N) to the Qinling
Mountain-Huaihe River zone (32°N) in continental China. It is also noted that the
region under the subpolar bottleneck dramatically gets expanded during the LGM,
suggesting that the high-latitude regions could have very low productivity and could
not support enough terrestrial plant food for hunter-gatherers. In addition, the ET

94

values in PSHK is also under the subpolar bottleneck, the same as the trans-Baikal
region, suggesting that the former might not possess better habitat than the later
during the LGM.

(3) Temperateness (TEMP)
Different from effective temperature, temperateness (TEMP) “measures the
constancy of temperature throughout the year relative to the earth’s mean effective
temperature” (Binford, 2001: 59), with the formula:
TEMP = 161.7-41log 10 [(MWM-10)2+(MCM-18)2]
The following maps show that, comparing with the temperate conditions based
on the modern weather station data, the isolines during the LGM display a southward
movement pattern and the expansion of the areas with lower temperateness values in
the circum-Arctic region (Fig. 5.3). It means that during the glacial period,
temperateness decreased, particularly in the high-latitude regions.

(4) Rainfall Difference: CVRAIN
Binford (2001: 70) uses CVRAIN as a variable to measure coefficient of
variation of monthly rainfall. It can be seen as an indicator to evaluate the risk of
getting drought for a specific region, which may impact biomes of hunter-gatherers’
habitat. The maps in Fig. 5.4 suggest that: (1) the zone along the SW-NE China line
possesses the centers with the higher values, matching the steppe regions during the
modern period; (2) the highest values (darkest) are distributed in different areas –
those during the LGM are located farther south than those during the modern period,
which may indicate that the zones with highest risk of having drought move
southward during the LGM, to the Yenshan Mts.-Yanshan Mts. – circum-Bohai Sea
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regions.

(5) Snow Accumulation (SNOWAC)
The variable SNOWAC is used to calculate snow accumulation. Fig. 5.5 shows
two snow accumulation centers: (1) north to the Altai Mountains in W. Siberia during
the modern period, (2) the Sea of Japan – Kamchatka zone during the modern period,
as well as the PSHK and NW coast of Hokkaido during the LGM. Moreover, snow
accumulation along the circum-Arctic region during the LGM is higher than the
modern period, but there is no significant difference. In China, comparing the isolated
concentration of snow accumulation in the north during the modern period, the
highest values appear in lower Yangtze River Basin during the LGM.
To sum up, the variables linked with temperature and rainfall show clear patterns
of “climatic deterioration” during the LGM: (1) generally shorter growing seasons,
lower effective temperature, and lower temperateness; (2) the isolines arrayed during
the LGM are much more southerly than those during the modern time.
5.2.2 Biomes and Habitat
(1) Net Above-Ground Productivity (NAGP)
Net Above-Ground Productivity (NAGP) is a measurement of new cell life
added to a habitat as a result of photosynthesis and growth. The maps in the Fig. 5.6
show southeastward movement of isolines (from modern to the LGM), suggesting
much lower NAGP during the LGM.

(2) Primary Biomass: BIO5
Binford developed a measurement of primary biomass, the variable he recorded
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as BIO5. The maps in both climatic conditions both show a southeastward trend of the
primary biomass distribution because of temperature and rainfall distributions in NE
Asia associated with monsoons (Fig. 5.7). The isolines of primary biomass in the
LGM map move southeastwardly, and the difference shows greater continental
climate and lower primary biomass values during the glacial period.

(3) Secondary Biomass: EXPREY
EXPREY is used by Binford (2001: 109) to project expected moderate body-size
ungulate biomass (kg/km2). Assuming microblades were mainly used to hunt
moderate body-size ungulates, this variable is expected to be directly linked with the
distribution of microblade assemblages and development of microblade-based
societies. Different from the patterns displayed in the previous temperature- and/orrainfall-dependent maps (N-S trend or NW-SE trend), the EXPREY map based on
modern weather station data suggests that isolines of the highest density follows a
SW-NE line in NE Asia, centering on (SW-NE) China. This follows what has been
identified as a main ecotone of forest and steppe in modern China (S.-Q. Chen, 2004,
2014). The differences between the two maps in Fig. 5.8 are obvious: (1) the values
under LGM climatic conditions are much less than those in the modern period, and (2)
the higher EXPREY areas shrink against the background of the LGM, especially at
the value ranges 300-600 and 600-900. Further, the range between 900-1200 almost
disappears in the LGM map except along the middle reach of the Yellow River Basin,
where the Weihe River and the Fenhe River both flow into the Yellow River.
To get a clearer understanding of the distribution of EXPREY values in northern
NE Asia during the LGM, a much finer-grain map is produced (Fig. 5.9), which
shows several centers with higher EXPREY values along the SW-NE China line.
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They may suggest several small centers favored by ungulates, and thus may possess
more hunting sites during the LGM. In addition, compared with the values of
EXPREY in the modern period (300-600), those in the Middle and Lower Yangtze
River Basin are associated with higher values (600-900), which suggests that during
the LGM, the vegetation changed from broad-leaved evergreen forest to a habitat
much favored by ungulates. Also the zones associated with highest values of
EXPREY during the LGM are located in Yunnan Province, southeast to the center in
the southern part of the Tibetan Plateau under modern climatic conditions.
To sum up, all the previous maps related to biomes and habitat suggest the
general difference among the variables during the warmer interglacial period (using
modern weather station data as proxies) and the colder glacial period (using modelled
LGM weather station data as proxies) – the latter always associated with lower values
and NW-SE increasing trends, except the variable EXPREY. They indicate that
resource abundance and availability indeed became dramatically reduced during the
LGM.

5.3 Minimalist Terrestrial Model: Modelling A-Cultural Adaptation of Human
Beings
The Minimalist Terrestrial Model is built by Binford (2001: 187), for exclusively
terrestrial hunter-gatherers who responds primarily to variability in directly accessible
foods. Based on the weather station data and calculated biomes, percentages of
hunting and gathering (expected dependence upon terrestrial plants and terrestrial
animals, particularly ungulates) can be calculated, as well as human population
densities or human biomass, since accessible foods at different locations could only
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support an amount of people under the line of environmental capacity. Johnson (in
press-b) calls the people in the minimalist terrestrial model “a-cultural animals of
human form”. In this model, no aquatic or marine resources are considered.
5.3.1 Population Densities
The variables related to population densities are TERMH2 and TERMG2, which
are the numbers of persons per 100 km2 unit who could be supported by ungulate
resources (TERMH2) or terrestrial plant foods (TERMG2) alone. TERMD2 is a
variable to estimate the population density using hunting and gathering, and its
formula is TERMD2 = TERMH2 + TERMG2.

(1) TERMH2
The population density supported by ungulate resources shows a similar pattern
with those of the secondary biomass (EXPREY). Comparing with the map built based
on the modern climate, the one for the LGM climate shows lower values, but also
follows a similar distribution pattern – along the SW-NE China zone (Fig. 5.10).

(2) TERMG2
Different from the map of TERMH2, the map of TERMG2 shows that the areas
with the highest density of terrestrial plant resource use are located in the lower
latitude region, especially southernmost China (Fig. 5.11). Comparison between the
modern and LGM maps suggests that the population density relying on terrestrial
plant resources was generally lower under LGM climatic conditions. The values in the
middle and lower Yangtze River Basin possess lower values, which might result from
the highest primary biomass being in the canopy zone of forests, difficult for
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hunter-gatherers to use.

(3) TERMD2
Adding the values of TERMH2 and TERMG2 together, values of variable
TERMD2 can provide us a picture of the estimated population density for people only
relying on terrestrial animal and plant resources (Fig. 5.12). They show a similar
distribution pattern with lower population density under LGM climatic conditions
than under modern climatic conditions. It is noted that the Middle and Lower Yangtze
River Basin displays a relatively lower TERMD2 than its neighboring regions in both
climatic conditions.
5.3.2 Subsistence Specialization
Subsistence specialization can be calculated using variables TERMH2,
TERMG2, and TERMD2. The formula for terrestrial model percentage dependence
upon terrestrial animals is TERMHNT2 = (TERMH2/TERMD2)*100, while the
formula for percentage dependence upon terrestrial plant foods is TERMGTH2 =
(TERMG2/TERMD2)*100 (Binford, 2001: 187). A variable named SUBSPX2 is
used to estimate subsistence specialty in the Minimalist Terrestrial Model.

(1) TERMHNT2
The maps of the variable TERMHNT2 in NE Asia show the expansion of the
higher dependence on hunting under LGM climatic conditions – dependence on
hunting at a level of >80% almost covers high latitude regions above 40°N as well as
the PSHK and Paleo-Honshu areas (Fig. 5.13). The southeast line showing a
terrestrial animal-dependence ratio of 60-80% under LGM climatic conditions reaches
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the Nanling Mt. in S. China, almost overlapping the isoline of TERMHNT2=40% of
the map produced based on the modern weather station data.

(2) TERMGTH2
Unlike the maps of TERMHNT2, those based on the variable TERMGTH2 show
a different picture (Fig. 5.14). Compared with the map based on the modern weather
station data, under LGM climatic conditions, Siberia, NW China, PSHK,
Paleo-Honshu witness a shrinkage of dependence on gathering (20%-40%), while S.
China sees the decrease percentage of terrestrial plant-dependence subsistence (from
40%-60% to 20%-40%). To sum up, the percentage of plant food use in NE Asia can
be less than 40% under LGM climatic conditions.

(3) SUBSPX2
The variable SUBSPX2 is mainly based on the ratio of variables TERMHNT2
and TERMGTH2, aiming to show subsistence bias (dominant subsistence) based on
the minimalist terrestrial model. Binford classified these variables into four types – g
(gathering), h (hunting), m (mixed), and u (uninhabited). The two maps in the Fig.
5.15 show the geographic regions of subsistence bias under the two climatic
conditions. The higher percentage of uninhabited areas in high latitudes (Siberia), dry
regions (NW China), and high-altitude regions (Tibetan Plateau) is evident, as well as
the higher percentage of hunting in lower latitudes (SE China & Japan), under LGM
climatic conditions.
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5.4 Modelling Density–Dependent Change in Hunter-Gatherer Subsistence
In contrast to the Minimalist Terrestrial Model, this part of the analysis is based
on ethnographic projections, including 339 hunter-gatherer case files and 142
proportional case samples. Johnson (in press-b) argues that weather station data can
be used to project hunter-gatherer subsistence, social organization, and demography
where foraging societies are longer exist based on regressions of variables of climate
data and living hunter-gatherer societies. The result can be seen as “subsistence of
cultural humans” (cf. “a-cultural animals of human form” in the Minimalist Terrestrial
Model). Besides hunting and gathering, the exploitation of aquatic or marine
resources, with the aid of special technologies and methods, is added to the
subsistence mixture.
5.4.1 Subsistence: Hunting, Gathering, or Fishing 1
(1) WHUNTP
The maps in Fig. 5.16 present a picture of NE Asia under both modern and LGM
climatic conditions for terrestrial animal hunting. Two phenomena are worth noting
under LGM climatic conditions: (1) coastal regions of the circum-Arctic are
dominated by hunting, comparing with the higher percentage of aquatic resource use
during the modern period (see Fig. 5.18); (2) the coast of China is dominated by
hunting, rather than aquatic resource use (under modern climatic conditions), since
the continental shelf was exposed and the coastline moved southeastwardly. A similar
phenomenon appears along the coast of the Sea of Okhotsk. The isolines in East
China can be assumed as the percentage of subsistence under LGM climatic
1

Binford used a series of variables with FISH on aquatic resources, including marine mammals.
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conditions (also see Fig. 5.17 and 5.18, WGATHP & WFISHP maps).

(2) WGATHP
Comparing with WHUNTP, the map produced from the variable WGATHP (the
expected percentage of gathering using ethnographically known hunter-gatherer cases)
shows a lower latitude-oriented pattern (Fig. 5.17). Comparing with the map projected
from modern weather station data, the map under LGM climatic conditions shows a
smaller distribution region of WGATHP (25%-50%) in China.

(3) WFISHP
WFISHP is a variable designed to calculate the percentage of aquatic resource
use according to ethnographically known hunter-gatherer cases. Comparing with the
map produced based on modern weather station data, the map of LGM climatic
conditions shows a much lower percentage of aquatic resource use in coastal regions,
including the circum-Arctic and circum-Pacific areas, especially the coast of the East
China Sea and Korean Peninsula (Fig. 5.18). Southern Japan also shows a lower
percentage of aquatic resource use under LGM climatic conditions. The most
surprising result is the higher percentage of aquatic resource use in Mongolia, part of
SW China, and the Tibetan Plateau under LGM climatic conditions. This may be due
to relatively lower amounts of hunting and gathering because of low biomass in those
areas leading to relatively higher WFISHP values. Mongolia counterintuitively
possesses a high percentage of aquatic resource use, which might be caused by the
decrease of values of WGATHP, making the values of WFISHP high (see the
WHUNTP and WGATHP maps in Fig. 5.16 and Fig. 5.17), or caused by cooler
temperatures and lower evaporation (Johnson 2018, personal communication).
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(4) SUBSPE
By ranking the values of variables WHUNTP, WGATHP, and WFISHP, the
variable SUBSPE is used to represent HG subsistence specialty based on the highest
value of WHUNTP, WGATHP, and WFISHP for particular weather stations. Binford
used numbers 1, 2, and 3 to represent hunting or terrestrial animal-dependent
subsistence, gathering or terrestrial plant-dependent subsistence, and fishing or
aquatic resource-dependent subsistence. Comparing with the map built from the
modern weather station data, the map of LGM climatic conditions shows a higher
level of hunting in mainland NE Asia, a relatively higher percentage of hunting in the
mountainous area of Paleo-Honshu, and domination of hunting along the current coast
of East China Sea (Fig. 5.19).
5.4.2 Projected Population Density
WDEN
WDEN is a variable developed to measure population density as projected from
ethnographic hunter-gatherers, taking into consideration peoples using aquatic
resources, which makes it separate from the population density variable TERMD2 in
the Minimalist Terrestrial Model. If using the packing threshold of 9.098 persons/100
km2 and its 1/3 (3.033) and 2/3 (6.066) as dividing values of WDEN, a clear picture of
population density distribution can be shown (Fig. 5.20). Because of exposure of the
continental shelves, there was a large region along the coast with a lower population
density under LGM conditions than under modern ones, except along the southern
coast of Paleo-Honshu, S. China (Guangdong Prov. and Hainan Island), and Taiwan
Island. The high population in the coastal zone (higher than the terrestrial plant
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population density threshold) under modern climatic conditions results from aquatic
resource use. It is noted that the 1/3 line (WDEN=6.066) matches the southern
boundary of the microblade assemblages in China.
5.4.3 Group Size and Social Organization
Hunter-gatherers are coded as three separate “kinds” of groups by Binford (2001:
213), according to their degrees of dispersion vs. aggregation, which are summarized
in Table 5.3. In the EnvCalc2.1 program, Binford and Johnson use EXGRP1,
EXGRP2, and EXGRP3 as variables to represent similar idea in the projection with
GROUP1, GROUP2, and GROUP3.

Group
GROUP1

Code
EXGRP1

GROUP2

EXGRP2

GROUP3

EXGRP3

Definition
The mean size of the camp together during the most dispersed
phase of the settlement-subsistence system
The mean size of the camp-sharing groups during the most
aggregated phase of the subsistence settlement system
The mean size of social aggregations occurring annually or
every several years that assemble for other reasons than strictly
subsistence-related activities

Table 5.3 Three “kinds” of groups of hunter-gatherers (Binford, 2001: 213, author's
emphasis)

(1) GROUP1 size: EXGRP1
The highest values of EXGRP1 under the two climatic conditions are located in
E. China and E. Mongolia, while the coastal regions show a significant difference.
Under modern climatic conditions, the EXGRP1 values are much lower than those
under the LGM climatic conditions. The highest value zone is located farther to the
southeast during the glacial period. The islands have lower values than those of
mainland NE Asia (Fig. 5.21).
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(2) GROUP2 size: EXGRP2
Comparing with GROUP1, GROUP2 has much more significance for
archaeologists to investigate archaeological sites, since aggregation might have
produced sites with higher visibility in terms of scale. In contrast to the map built with
modern weather station data, the one based on the LGM climate shows some areas
with much higher values, especially in northern China and the southern part of NE
China, in which the most archaeological sites associated with microblade assemblages
have been found (Fig. 5.22). Other localities are found in S. China, which supports the
hypothesis proposed by S.-Q. Chen (2014) that subsistence intensification of
hunter-gatherers began in S. China where they heavily depended on aquatic resource
and plant rootstalk cultivation, which together formed the initial Mesolithic adaptation
in NE Asia.
The island region is associated with lower GROUP2 values, which shows a
similar pattern with GROUP1.

(3) GROUP3 size: EXGRP3
The maps of GROUP3 size show a different pattern from those of GROUP1 and
GROUP2, in which, the highest EXGRP3 values appear around the Altai Mountains
(Fig. 5.23). This pattern matches the WHUNTP maps. Compared with the map built
with the modern weather station data, the one based on LGM climatic conditions
shows higher values across the Western Siberian Lowland and Central Siberian
Plateau. The isolines in E. China show a pattern of higher values under LGM climatic
conditions, especially in N. China and NE China, than those under modern climatic
conditions. Similar to EXGRP2, the maps of EXGRP3 do not show higher value
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concentrations in the island region.
5.4.4 Mobility
EXDMOV1
Mobility is a key factor of hunter-gatherers (Kelly, 2013). Relying on his
ethnoarchaeological observations, especially the !Kung San and the Nunamiut
Eskimos, and analysis of Murdock’s ethnographic map, Binford (1980) used the
forager-collector continuum to explain the relationship between food resource
exploitation methods and mobility strategies (“mapping-on” vs. “logistics”) in
different effective temperature zones. He used these to do theory building for
explaining inter-assemblage variability in the archaeological record associated with
site types, such as camps, locations, stations, and caches. In the Constructing Frames
of Reference book, Binford (2001) also developed a series of variables to measure
mobility, including projected total distance moved for (i) groups with year round
camp to camp mobility pattern and (ii) for those who move into and out of a central
location or who are primarily sedentary, which are coded as EXDMOV1 and
EXDMOV2. In the research on the microblade-based societies, EXDMOV1 is
available to assess mobility of hunter-gatherers equipped with microblade technology,
since it represents highly mobile lifeways (Elston & Brantingham, 2002; Goebel,
2002). Unfortunately, at present, there is no effective and reliable method to measure
mobility. Comparing with variables NOMOV (number of moves per year) and AREA
(area occupied by an ethnic group), EXDMOV (1&2) is a much more reliable variable
(Johnson, in press-a). Maps in Fig. 5.24 suggest that the values of the highest camp
mobility distance under LGM climatic conditions are generally higher than those
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under modern climatic conditions, and the concentration of the highest values is
located in much higher latitudes. However, there are several regions in the two
climatic conditions that possess some highest values, especially the W. Mongolian
Plateau, the Altai Mountains, and the Tarimu-Junggar Basins in Xinjiang of China.
Compared with the high latitude and interior regions, the coastal and island regions
show much lower EXDMOV1 values, possibly because of higher percentages of
aquatic resource use linked with more sedentary lifeways.

5.5 Unpacked or Packed: Growth Rate Model and Density Controlled
Subsistence
After producing a series of maps of hunter-gatherer behaviors under both modern
and LGM climatic conditions, we have obtained a new picture, separate from the
archeological record, on “climatic deterioration” during the LGM, population density
and subsistence specialization in the (a-cultural) Minimalist Terrestrial Model and the
(cultural) ethnographic projections. They should encourage archaeologists to rethink
and question some previous ideas on the prehistory of NE Asia and to propose new
hypotheses.
Binford (2001) developed the concept of “packed” in terms of hunter-gatherers
having no extra space to use mobility as their strategy to solve the food shortage issue,
and used it to discuss changes of system state. He discovered that the packing
threshold for terrestrial plant-dependent groups (gathering) is 9.098 persons
(approximately 9.1) per 100 km2, and the threshold of those who are dependent on
ungulate animals (hunting) should be less than this. In terms of the early Holocene,
the modern weather station database can be used to model population density and
other variables. It is expected to provide a background of the time that was coincident
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with the beginning of food production, which has been proved to be an effective
method to study cultural change of the Paleolithic/Mesolithic to Neolithic transition
(Binford, 1999), as well as agricultural intensification and productivity on a global
scale (Johnson, 2014; Johnson, Collins, Turchin, & Cesaretti, 2018). It can also be
used to explore the lifeways of hunter-gatherers in NE Asia during the early Holocene
(Phase IV of the microblade-based societies) under unpacked or packed circumstances,
based on the modern weather station data collected.
However, the most challenging question may be “did hunter-gatherers get
packed during the LGM?” If they got packed, how can one evaluate the impact to
cultural change, especially technological change, i.e., innovation of microblade
technology? In the study of archaeological sites associated with microblade
assemblages in NE Asia during the Last Ice Age in the previous chapters, a
hypothesis has been proposed that the concentration of hunter-gatherers by migrating
into some areas (“refugia”) led to the innovation of microblade technology and
subsequent full adoption thereof in vast regions (Chapter 4). Here, it is now
appropriate to use the approach of frames of reference to evaluate this hypothesis.
In the output file of 1429 weather stations, Binford and Johnson (2006) develop a
series of variables to discuss packing issues, as fully developed in Johnson’s (2008)
paper on environmental and density-dependent aspects of adaptation. Their definitions
can be summarized in Table 5.4.
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Variables

UPHUNTP
UPGATHP
UPFISHP
D1PHUNTP
D1PGATHP
D1PFISHP
D1HPHUNTP
D1HPGATHP
D1HPFISHP
D2PHUNTP
D2PGATHP
D2PFISHP
D2HPHUNTP
D2HPGATHP
D2HPFISHP
D3PHUNTP
D3PGATHP
D3PFISHP

Definition

Packing
multiplier

Density
(people per
100 km2)*

Unpacked percent dependence on hunting,
gathering, or fishing

.5

4.5

Using log 10 population density of 1.0, percent
dependence on hunting, gathering, or fishing

1

9.1

Using log 10 population density of 1.5, percent
dependence on hunting, gathering, or fishing

1.5

13.6

Using log 10 population density of 2.0, percent
dependence on hunting, gathering, or fishing

2

18.2

Using log 10 population density of 2.5, percent
dependence on hunting, gathering, or fishing

2.5

22.7

Using log 10 population density of 3.0, percent
dependence on hunting, gathering, or fishing

3

27.3

Table 5.4 Variables used to project hunter-gatherer subsistence dependence (modified
from Johnson, 2008: Table 1)
Note: *Rounded to nearest tenth

In this project, I further developed two variables to indicate subsistence specialty
against unpacked and packed backgrounds, named as UPSUBSPE and D1PSUBSPE.
By comparing the values of variables UPHUNTP, UPGATHP, and UPFISHP, the
subsistence type with the highest value is recorded as UPSUBSPE. Following the
code numbers of SUBSPE, hunting, gathering, and fishing are coded as 1, 2, and 3.
The same rule is also applied for the variable D1PSUBSPE. This project does not
code other packing multipliers (1.5, 2, 2.5, 3), because the microblade-based societies
in NE Asia only refer to the unpacked and packed conditions.
5.5.1 Mapping Unpacked and Packed Subsistence Specialization
(1) Mapping UPSUBSPE & D1PSUBSPE
Two maps are produced for hunter-gatherers during the LGM, with the packing
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multiplier .5 and 1 (Fig. 5.25). If hunter-gatherers get packed, in the higher latitude
(above 50°N) regions of PSHK, coastal Paleo-Honshu and the Korean Peninsula, they
would be expected to turn to depend on aquatic resource; while in the lower latitudes
(below 50°N), interior mainland and Paleo-Honshu, they would turn to dependence on
terrestrial plant food. NE China and the Korean Peninsula show a more complicated
mixed economy in the two maps.
By comparing with the SUBSPE map in the LGM climatic condition (Fig. 5.19),
we can make basic judgements on the possibility of packing during the LGM.
Obviously, the UPSUBSPE map shows a pattern much more similar to the SUBSPE
map than the D1PSUBSPE map, since NE Asia is projected to be dominated by
hunting rather than gathering. It provides us a picture of subsistence under unpacked
conditions for the LGM, which not only matches the population density map (WDEN),
and the mobility map (EXDMOV1), but also supports the hypothesis that
microblade-based societies were an adaptation to hunting-dominated subsistence and
highly mobile lifeways.
The maps based on modern weather station data (Fig. 5.26) show a similar
subsistence transformation trend from unpacked to packed under LGM climatic
conditions. The biggest difference is the percentage of aquatic resource use due to the
advance and retreat of shorelines during the Pleistocene to Holocene transition. The
map of the packed population shows a dramatic expansion of aquatic resource use in
North China Plain, NE China, and Korean Peninsula. Some localities in interior Japan
are dominated by hunting under population packing show a threshold change to
gathering or fishing. Figure 5.26 also shows a picture of latitude-linked subsistence
specialty transformation (50°N). Different from the LGM packed subsistence
specialty map, the areas dominated by hunting are distributed into two regions: the E.
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Mongolia Plateau and NE Loess Plateau (ET=11.53-12.75°C), as well as a small area
in the Lower Yangtze River Basin.
By comparing with the projected SUBSPE map under modern climatic
conditions (Fig. 5.19), the map of the hunter-gatherers under unpacked population
conditions shows a much more similar pattern to the projected map than the packed
one. However, there are several regions with packed populations in the SUBSPE map,
for example, the Yunnan Province in SW China, but it is not related to
microblade-based societies.

(2) Packed or not: plot graphs
The maps above only can provide an impression that the populations of
hunter-gatherers during the LGM and early Holocene should not get packed, because
the maps of projected SUBSPE are more close to the unpacked ones, rather than to the
packed ones. However, this only can be seen as a hypothesis. To test it, we need to
run the output data files in statistic programs (this project uses SPSS). The most
effective method is using scatter plot graphs to show projected subsistence
specialization with the packing threshold (log 10 value of WDEN) and another variable.
Comparing with the GIS maps, a scatter plot graph can show three variables in one
image.
Figure 5.27 shows the comparative images of SUBSPE in the context of ET and
population density (with the packing threshold, LWDEN=0.959). Figure 5.28 can be
seen as a series of supplementary plot graphs as shown in Figure 5.27 to present the
values in the context of latitude (with 42.6°N as a reference line, see Chapter 3).
Packing, as an indicator of population pressure in terms of environmental capacity,
can be used to think about cultural change (in terms of subsistence change).
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Thinking about the change of subsistence specialization from unpacked to
packed population conditions, we can get several results for the northern part of NE
Asia (>30°N, 75°E-180°E). Under modern climatic conditions (representing the
interglacial period), under the packing threshold, terrestrial animal-dependent
subsistence would be expected to transform to plant-dependent subsistence. The areas
keeping animal-dependent subsistence after population packing are located at the
regions with ET about 10-15°C and latitude 30-50°N, centered at east Mongolia
Plateau (see Fig. 5.26 and Fig. 5.28). Under LGM climatic conditions, under the
population packing threshold, the dominant subsistence types are expected to be
terrestrial animal hunting and aquatic resource exploitation. If population packing
occurs, some groups dependent on terrestrial animals would be expected to change to
dependence on plants and some to aquatic resources. The groups keeping terrestrial
animal hunting as their subsistence base are located in the SE Xing’anling and
Changbai Mts. Region with the ET about 11.53°C and latitude around/above 42.6°N.
The SUBSPE plot graph showing the modern climatic condition presents a closed
pattern with the unpacked SUBSPE map, assuming that the hunter-gatherers lived a
similar lifeway as their modern comparatives. But in fact, many foraging groups
during the early Holocene had finished the transition from hunting-gathering to
horticulture, agriculture, and early pastoralism, or to affluent hunter-gathering
lifeways in which a degree of social hierarchy had been developed. The SUBSPE plot
graph under LGM climatic conditions also shows a more similar pattern with the
unpacked SUBSPE map, which matches the archaeological record showing high
mobility. Thus, the results in the plot graphs match the observations based on the
maps.
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(3) Summary
The maps and scatter plot graphs above provide us several interesting ideas on
variability and change among prehistoric hunter-gatherer systems in northern NE
Asia.
During the early Holocene, as modelled based on modern climate data, food
production appeared in northern China, and began to expand to flood plains from hilly
regions, which can be seen as a result of heavy dependence on plant resources.
Second, aquatic resources in coastal region habitats provided rich food resources,
which supported high population densities, making the transition to a Mesolithic-like
subsistence, along the coasts of the Pacific and Arctic oceans in E. Siberia, NE China,
and the Korean Peninsula. The process had begun in Southern China during the LGM,
and in Paleo-Honshu during the post-LGM or earlier, according to current
archaeological evidence.
During the LGM, although the biased data do not show heavy dependence on
aquatic resources on the continent, the binary structure of hunting and fishing
suggests that aquatic resources might have served as an essential portion of
subsistence, especially in coastal regions during the LGM. Second, the discovery of
evidence of plant use dated to the LGM might imply subsistence change at a small
scale or for specific activities, since hunting remained the main subsistence type in the
interior regions, including the continent, peninsulas, and islands (see Chapter 7).
Maps for the Growth Rate Model should be interpreted properly. Subsistence
specialization maps (SUBSPE) based on modern and LGM climate data all show
populations that were not unpacked, which seems to suggest that if the people living
in northern portions of NE Asia kept hunting and fishing as their dominant
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subsistence strategy. They could survive well and there would be no need of change
to another subsistence type or even to adopt further intensification, which would lead
them to other system states from that of “egalitarian without leaders”. But, this
understanding is misleading, because the significance of subsistence maps under
unpacked and packed conditions is to provide us a picture of subsistence change
under the condition of packing. For example, the transition from terrestrial
animal-dependence to plant- or aquatic resource-dependence suggests that the
situation in which hunting would be no longer able to support enough people and they
would need to expand their food resource to lower return food resources (such as
small-size animals, seeds, etc.), or increase subsistence-dependence on aquatic
resources which requires higher skills in fishing). Even the areas keeping hunting as
the dominant food source witnessed cultural change, in terms of the change of system
states from egalitarian without leaders to mounted hunters, agriculturists, or those
with leadership, wealth, or ranking. One example is the Liaoxi area of SE Mongolia
Plateau. Some sites associated with microblade assemblages dated to 10-5 ky uncal.
BP could be interpreted as specialized hunting and exchange with neighboring
agricultural groups (M. Zhang, in review-b). The archaeological record suggests that
cultural change indeed happened. The period can be generalized as the Paleolithic to
Neolithic Transition (PNT) in northern China (S.-Q. Chen & Yu, 2017a, b), or as the
Paleolithic to Mesolithic Transition (PMT) in Siberia and Japan. The replacement of
the Mesolithic by the Neolithic is hallmarked by the introduction of cultigens,
especially millet and rice. Thus, the modelled maps based only on hunter-gatherer
projections only can be seen as frames of references rather than facts, which inspire
archaeologists to think about the dynamics of cultural change of hunter-gatherers.
Aquatic resource use in the projections was capable to greatly expand the extent
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of groups supposedly dependent on hunting and gathering. Although archaeological
record of fishing is minimal, the potential impact of aquatic resource exploitation and
its role in cultural change during and before the LGM cannot be ignored.
5.5.2 Population Packing and Technological Change
Exceeding the packing threshold means that hunter-gatherers no longer can
maintain their lifeways based on high mobility, so the technologies associated with
mobile hunting are expected to be heavily impacted. Just as Binford wrote,
At this packing threshold 1 , mobility as the basic adaptive strategy underlying
hunter-gatherer subsistence security disappears and many patterns emerge as
populations continue to increase in density. Niche diversity is reduced at the high end
of the variability spectrum at the same time that specialization also tends to disappear
among generic hunter-gatherers. Beyond this point, there are no cases of
hunter-gatherers whose primarily dependent upon terrestrial animals. (Binford, 2001:
434)
The sentences above imply the logic of technological change of hunter-gatherers
during the terminal Pleistocene and initial Holocene (post-LGM period). Let’s use the
subsistence specialty maps based on modern weather station climate data as an
example (Fig. 5.26). Almost all of the subsistence specializations in unpacked
conditions recorded as hunting would be expected to change to other specialties,
which can be summarized in Table 5.5.

ET (°C)
<11.53
11.53-12.75
12.75-15.25
15.25-18

Unpacked (packing multiplier=.5)
Interior
Coast
Hunting
Hunting+fishing
Hunting
Hunting+fishing
Hunting
Hunting+fishing
Hunting
Hunting+fishing

Packed (packing multiplier=1)
Interior
Coast
Fishing*
Fishing
Gathering
Fishing
Gathering
Fishing
Gathering
Fishing+gathering

Table 5.5 Subsistence specialty under unpacked and packed conditions in each
effective temperature zone, based on the modern climate data in NE Asia
* Mongolia shows greater subsistence specialization on gathering
1

Population density of 9.098 persons per 100 square kilometers.
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It is noted that the terrestrial plant-dependent and aquatic resource-dependent
subsistence specialties both conflict with high mobility lifeways based on hunting.
The use of plant food is determined by the harvesting schedule of plants available in
specific habitats. The groups specialized in aquatic resource exploitation must live at
some specific locations near waterbodies – seacoasts, rivers and lakes, but especially
estuaries, where people can exploit resources of both rivers and the sea. Thus, both
terrestrial plant and aquatic food resources are located in specific locations, which
favor sedentary or semi-sedentary lifeways. Meanwhile, the conditions of population
packing are also expected to impede hunter-gatherers from adopting highly mobile
subsistence strategies. This viewpoint is supported by the archaeological record
showing widespread adoption of sedentism during the early Holocene.

5.6 Lifeways of Hunter-Gatherers: Habitat and Diversity of Behavior
In the updated version of his book, The Lifeways of Hunter-Gatherers: The
Foraging Spectrum, Kelly (2013) discusses several aspects of hunter-gatherer
adaptations, including subsistence, mobility, technology, sharing, exchange, and land
tenure, group size and demography, sexual division of labor, and social ranking
(among non-egalitarian hunter-gatherers). Binford (2001) developed a series of
variables to measure each aspect of the lifeways of the hunter-gatherers, including
settlements, economic organization, leadership, conflict, rituals, mortuary practices,
marriage, and kinship (Johnson, in press-b). This project, as a preliminary study of the
hunter-gatherers during the Last Ice Age (and early Holocene), is limited to the
discussion of aspects of economic organization, including subsistence, mobility,
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technology, and group size. Before fully discussing the lifeways of the
microblade-based societies in Chapter 7, it is necessary to build a picture of lifeways
of hunter-gatherers in NE Asia, no matter what kind of technology they used.
5.6.1 Climate Change and its Impacts on Past Foraging Societies
By producing maps based on a series of variables bridging climate and aspects of
hunter-gatherer adaptations, this chapter has provided adequate data with which to
evaluate the impact of climate change on the lifeways of hunter-gatherers, which can
be summarized as follows.
(1) The hypotheses of climatic “deterioration” and “amelioration” in NE Asia
during the Last Ice Age can be supported by the environmental variables calculated
from the LGM model, at least for the greater part of the research region. They
generally correspond to the MIS 3 to MIS 2 transition, and to the MIS 2 to MIS 1
transition (or Pleistocene-Holocene transition) (see Straus, 1996b). Comparing with
the maps produced based on modern climate data, the isolines on the maps based on
modelled LGM weather station data show a general southward trend (the North with
low values, while the South was with high values), including growing season
(GROWC), effective temperature (ET), temperate climate (TEMP), net above-ground
productivity (NAGP), and primary biomass (BIO5). These variables are, together with
temperature (mainly impacted by solar radiation), independent variables. The LGM
reconstructions also show expanded continental climate, considering the decreases in
temperature and rainfall, which also decrease the productivity of plants (primary
biomass). The climatic “deterioration” also can be seen in the map of the modelled
numbers of populations supported by plant resources (TERMG2, Fig. 5.11) in the
Minimalist Terrestrial Model under LGM climatic conditions, in which the isolines of
118

the high values moved southward.
(2) The variable coefficient of variation of monthly rainfall array (CVRAIN)
shows the southward movement of the isolines with highest values under LGM
climatic conditions, which suggests the most risky zone moved southward during the
LGM. This trend matches the distribution of secondary biomass (EXPREY), the
highest values of which are associated with the forest-steppe ecotone. The
southeastwardly movement of EXPREY isolines from the SW-NE China zone formed
a very mosaic-like distribution under LGM climatic conditions, especially in N. and
NE China, which is expected to match the horseshoe-shaped distribution of
archaeological sites associated with microblade assemblages during the late
Pleistocene (Chapter 3). Meanwhile, the increase of secondary biomass in the middle
and lower Yangtze River Basin displays a picture of deforestation and increased
percentage of grassland (see the maps of NAGP) during the LGM, providing a region
much more suitable for hunting large grazing game than during the interglacial period.
A similar change also can be seen in the modelled numbers of population supported
by ungulate resources (TERMH2) in the Minimalist Terrestrial Model.
(3) The map of snow accumulation during the LGM does not show a significant
increase in the regions associated with the microblade assemblages. Although snow
accumulation in the high latitudes is a little greater, snow does not cover so much of
N. China, so it does not support Dixon’s hypothesis of more snow coverage forcing
people to use microblade technology as a means of effective use of high-quality raw
materials during the Last Ice Age (Dixon, 2010). The low values of snow
accumulation in vast region of NE Asia (30°N and above) during the LGM can be
explained by the decrease of humidity. Siberia witnessed a process of deforestation
and desertification – most of it was covered by polar and alpine desert, rather than
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glaciers, which could not provide enough humidity to support fodder for ungulate
game (and thus many people). Meanwhile, the warm Kuro Siwo Current retreated, the
cold Oya Siwo Current advanced, and monsoons ceased. These factors resulted in less
snow accumulation in northern NE Asia than today.
(4) The Minimalist Terrestrial Model shows that, during the LGM, the terrestrial
food resources and therefore terrestrial model population densities might have
dramatically decreased in the zone 30°N-50°N of easternmost NE Asia, including the
continent and islands. This suggests that if people only depended on terrestrial plant
and animal resources, the environment could not support as large a population during
the glacial as during the interglacial period.
(5) A series of maps related to subsistence specialization (TERMHNT2,
TERMGTH2, SUBSPX2) in the Minimalist Terrestrial Model provide us pictures of
higher percentages of hunting in the North and of gathering in South. They also show
that the LGM witnessed an increase of hunting and a decrease of gathering in the
whole of NE Asia. The maps of variable SUBSPX2 show a dramatic increase of
terrestrial animal-dependence in the zone 23.5°N (Tropic of Cancer) - 35°N, with
domination of hunting-specialized subsistence in PSHK and Paleo-Honshu, and
increased uninhabited areas in high latitude (above 50°N), high altitude (Tibetan
Plateau), and very arid regions (e.g., Inner Asia).
(6) The ethnographic projections which are based on living hunter-gatherers
provide us a picture of culture-based subsistence strategies and population density (vs.
the Terrestrial Minimalist Model based on a-cultural animals of human form). The
subsistence percentage maps (WHUNTP, WGATHP, & WFISHP) show us pictures
of likely subsistence-dependence in NE Asia – hunting in north, gathering in south,
and

fishing

in

the

coastal

regions.
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They

also

suggest

changes

in

subsistence-dependence-and-specialty from the interglacial to the glacial period.
During the LGM, hunter-gatherers depended more on hunting and less on gathering.
Fishing as the major subsistence type also decreased on the map of the current land
area, because of the eastward movement of coastlines due to glacial-age sea level
regression, which had a significant impact on the people who lived near the seas of
China, from the Liaodong Peninsula and the west coast of Korean Peninsula (Bo and
Yellow Sea) to the Hainan Island (South China Sea). By comparing the maps of
SUBSPE and SUBSPX2, we can propose a hypothesis on subsistence strategy: to
survive during the LGM, prehistoric hunter-gatherers should have adopted a new
subsistence type (e.g., aquatic resource exploitation), developed new hunting
techniques, or obtained more energy from plant resources by intensification even
plant foods were more scarce during the LGM.
(7) Projected population density (WDEN) maps show that the regions with
values over the packing threshold (9.098 people/100 km2) are located in Pacific coast
regions (except in the high latitudes), which suggests that the subsistence types with
higher percentage of fishing (esp. WFISHP>50%) easily became foci of
population-packing. It is inferred that the earliest sedentism in NE Asia should have
appeared in coastal regions at the lower latitudes. During the LGM, the WDEN
isolines moved southward, leaving a huge region (above about 30°N) on the continent
with very low population density (1/3 of the packing threshold), in which microblade
technology was almost fully adopted during the LGM, something which implies a
possible correlation between low population density and microblade technology. The
circum-Sea of Japan region shows an interesting change of WDEN under LGM
climatic conditions. Contrasting with the pattern of being over the packing threshold
during the interglacial period, the projected population density during the LGM shows
121

a gradual increase from North to South, and the Pacific coast of southern
Paleo-Honshu had the highest population density (>9.098 people/100 km2). If we
connect this with the archaeological record dated to the post-LGM period (Phase
IIPhase IV of the microblade-based societies), there is a pattern similar to the
spread of Upper Paleolithic Jomon culture in Japan from Kyushu in the South to the
islands of central and northern Japan.
Fishing as an alternative subsistence type or supplement to a plant-based strategy
in the regions rich in aquatic resources could dramatically increase population density,
especially for the coastal regions (Fig. 5.12 and Fig. 5.20). Aquatic resource use can
be regarded as a means of intensification, as Binford (2001) generalized and proposed,
“if intensification is indicated by a shift in exploitation from one type of biotic
community to another, the shift will usually be to aquatic resources and rarely, if
every, to terrestrial animals” (Generalization 7.04, p. 210), and “hunting will continue
to decrease as density increases until the level of 9.098 persons per 100 square
kilometers is reached, by which time the primary source of food should have shifted
to either terrestrial plants or aquatic resources, depending upon the environmental
setting” (Proposition 10.14, p. 383).
During the period of Phase II to Phase IV transition of the microblade-based
societies, the inland advance of the seashore might have produced pressure on the
hunter-gatherers who lived in the North China Plain and the land formerly covered by
sea water, since the terrestrial space became greatly reduced. The recovery of the
monsoon and increase in temperature also made a higher dependence on plant
resource possible, which also made the isoline of packing threshold move northward
to Liaodong Peninsula – N. Korean Peninsula – N. Sakhalin – S. Kamchatka line (Fig.
5.20).
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(8) Group size maps show much more complicated patterns. GROUP1 and
GROUP2 are designed to measure group sizes during the most dispersed and most
aggregated phases of the subsistence settlement systems of hunter-gatherers. They
show similar patterns on the NE Asia scale, both with the highest value clusters in the
eastern Mongolia Plateau and the middle and lower Yangtze River Basin during the
interglacial period, while with the highest values moving southward during the LGM,
to the circum-Bo Sea/Land regions and the Nanling Mountain. The areas with highest
values also moved southward in the PSHK and Paleo-Honshu in Japan during the
glacial period. They seem to suggest that during the LGM, foraging societies with
higher group sizes moved southward, perhaps because low temperatures restrained
biomass in the high latitudes.
However, the GROUP3 maps show us another picture: highest values are
distributed in the Inner Asia and W. Siberia, where the GROUP1 and GROUP2
values are not the highest there. Moreover, these regions had low effective
temperature, low biomass, and low population density (TERMD2 & WDEN). The
subsistence specialization maps indicate that hunting should be the major subsistence
type (Minimalist Terrestrial Model and projections) during both periods. They suggest
that the people with high dependence on terrestrial animal resources are associated
with the highest GROUP3 value, and high mean size of big-scale annual or every
several year events of social aggregation seems to be an essential part of their
adaptation. Binford does not provide adequate generalizations on GROUP3, but he
notes that “these groups of breathing hole sealers whose large winter settlements are
really GROUP3 units within which a network of sharing partners acts as a
risk-buffering mechanism by crosscutting the relatively small units into which
cooperative labor is organized” (Binford, 2001: 422). In hunting-dominated
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subsistence, with low population density, periodical aggregation would be expected to
reduce risk and provide opportunity to develop extended social networks in their
social landscape, to share information and to find mates (see Gamble, 1999).
(9) The maps of the expected distance moved annually (EXDMOV1) show a
similar trend that the highest values are seen in the higher latitude regions of NE Asia
(Fig. 5.24). It suggests that high mobility is linked with low effective temperature and
hunting-dominated subsistence, and this correlation can be proved by the 339
hunter-gatherer group database (Fig. 5.29). The scatter-plot graphs show that the
ethnographic hunter-gatherer groups with hunting as the dominant subsistence are
located in relatively lower effective temperature habitats (especially under the
terrestrial plant threshold) and possess higher EXDMOV1 values, while those with
hunting as the dominant subsistence mode in higher effective habitats (all above the
terrestrial plant threshold except one) possess lower EXDMOV1 values.
Comparisons of EXDMOV1 of modern and LGM from the maps and the
scatter-plot graphs can show the impact of climate change on the mobility distance of
the prehistoric hunter-gathers during the LGM. Comparing with the map produced
using modern weather station data, the map of LGM climatic conditions possesses
relative higher values in almost all sub-regions (Fig. 5.24). Areas with highest values
in both maps are located in Inner Asia and southern Central Siberia, both regions that
are associated with low effective temperature and low rainfall. The map of LGM
climatic conditions also possesses much higher values. The LGM plot graph shows
higher values of EXDMOV1 in stations associated with lower effective temperatures
(Fig. 5.29), suggesting increasing distances of inter-camp mobility as a strategy to
survive in harsh environments with fewer biomes.
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5.6.2 Vegetation Change
Vegetation is assumed to be a good indicator with which to study human habitat,
especially hunter-gatherers

who

depend

upon

wild

subsistence

resources.

Paleoclimate change also can change the distribution of vegetation zones, making it
ideal to investigate climate change. Vegetation can also be used as an effective
criterion to divide culture-ecological regions. Combining maps of physical geography
and vegetation, together with the map

of culture-ecological

regions of

hunter-gatherers in China (S.-Q. Chen, 2006c), NE Asia can be divided into 15
culture-ecological regions (Table 5.6).
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CultureEcological
Region
Arctic Coast

Physical
Geographic Unit

Water System

Climatic
condition

Vegetation

Islands and estuaries
of Arctic ocean, and
Northern Siberian
Plain

Estuaries of Ob,
Yenisei, Lena, and
other rivers

MOD
LGM

Tundra and alpine vegetation
Ice sheet and other permanent ice
(west), Polar and alpine desert (east)

Western Siberia

Western Siberian
Lowland

Ob

MOD

Boreal forest in high latitude and
steppe in low latitude
Ice and other permanent ice (north),
steppe-tundra (south) with lakes and
open water
Boreal forest in high latitude and
steppe in low latitude
Ice and other permanent ice and
steppe-tundra (north), steppe-tundra
(center), polar and alpine desert
(south)
Boreal forest
Polar and alpine desert (dominant),
steppe-tundra (Pacific coast)

LGM

Central Siberian
Plateau, Khangai
Mts. (N. Mongolia)

Yenisei, Lena, Baikal
lake and its tributaries

Eastern Siberia

Eastern Siberian
Highlands,
Kamchatka
Peninsula

Yana, Indigirka,
Kolyma, Anadyr, etc.

MOD
LGM

Inner Asia*

The Altai Mts.,
Junggar Basin,
Tarim Basin

Tarim River, Upper
reaches of Ob and
Yenisei

MOD

Gobi desert and
Inner Mongolia
steppe

Upper reaches of the
Heilongjiang / Amur
River

MOD

Central Siberia

Mongolian
Plateau

MOD
LGM

LGM

LGM
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Desert, steppe, semi-desert scrub,
and boreal forest
Much wider spread of temperate
desert, steppe
Steppe, semi-desert scrub,
forest-steppe
Desert, steppe

Change from the
Interglacial to the Glacial
(LGM)
Decrease of vegetation,
from tundra and alpine
vegetation to ice sheet,
permanent ice, and polar,
alpine desert
Decrease of vegetation
from boreal forest and
steppe to ice and
steppe-tundra
From boreal forest and
steppe to ice,
steppe-tundra, and Polar
and alpine desert

From boreal forest to polar
and alpine desert, and
steppe-tundra

Much drier and increase of
temperate desert, decrease
of forest
Increase of desertification

NE China Plain,
The Xing’an
Siberian marine
Mts.&
Changbai region region, Korean
Peninsula
Tibetan Plateau

Northern China

Tibetan Plateau

North China Plain,
Loess Plateau, N.
Huaihe Plain

Heilongjiang / Amur,
Liao River

MOD
LGM

Upper Reaches of big
rivers, including the
Yellow, Yangtze,
Lancang, Nu, and
Yaluzangbu Rivers
The Yellow (Huanghe)
River. Haihe, and
Huaihe Rivers

MOD
LGM

MOD
LGM

Central China

The Middle and
Lower Yangtze
River Basin, SE
China hills

The Yangtze River and MOD
others
LGM

Southwestern
China

The Yunnan –
Guizhou Plateau,
Sichuan Basin

Jinsha (Upper
Yangtze), Middle
reaches of Lancang
and Nu, Upper reach
of Zhujiang River

MOD

The Zhujiang river
Basin, the
Guangdong –
Guangxi hills,
Hainan and Taiwan
Islands

The Zhujiang River

MOD

Southern China

LGM

LGM
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Boreal forest, deciduous summer
forest, steppe
Temperate deciduous forest
(Liaoning Peninsula and inferred
Korean Peninsula), steppe
alpine steppe (w), Alpine Kobresia
spp. and forb meadow (east)
Alpine tundra (dominant), Alpine
Kobresia spp. and forb meadow
(east edge)
Deciduous summer forest, steppe,
and boreal and sub-alpine forest
Steppe (north), temperate deciduous
forest (south)
Broad-leaved evergreen forest
Subtropical evergreen broadleaf
forest

Decrease of temperate
deciduous broadleaf forest
and increase of grass and
forb meadow

Tropical montane forest with
conifer, “Monsoon forest”
subtropical evergreen broadleaf
forest (dominant), tropical and
subtropical mountain coniferous
forest
Broad-leaved evergreen forest,
tropical rain forest in S. Hainan
subtropical evergreen broadleaf
forest (north), tropical rainforest and
seasonal rainforest (south)

No change, perhaps
decrease of density, and
increase of drought

Domination of Alpine
tundra, and decrease of
other vegetation

Southward of temperate
deciduous forest, and
increase of steppe
No change, perhaps
decrease of density, and
increase of drought

No change, perhaps
decrease of density, and
increase of drought

Taiwan Island

Taiwan and
neighboring islands

Pacific River system

MOD
LGM

PSHK

Sakhalin (Kuye),
Hokkaido, and Kuril
Islands

Pacific River system

MOD
LGM

Paleo-Honshu

Honshu, Shikoku,
and Kyushu Islands

Pacific River system

MOD

LGM

Subtropical evergreen broadleaf
forest (N), tropical rain forest (S)
Subtropical evergreen broadleaf
forest
Boreal forest
Open coniferous forest and
grassland (north, dominant),
cool-temperate forest and grassland
(S. Hokkaido)
Mixed boreal and deciduous forest
(north), broad-leaved evergreen
forest (south)
Cool-temperate coniferous forest
(N) and temperate pan-mixed forest
(S) (dominant), warm-temperate
deciduous broadleaf forest,
evergreen broadleaf forest (Pacific
coast of Southern part)

Higher percentage of
subtropical evergreen
broadleaf forest
Decrease of boreal forest
and increase of grass and,
more open landscape

Increase of cool-temperate
forest and decrease of
warm-temperate forest and
evergreen broadleaf forest

Table 5.6 Vegetation of the cultural-ecological regions in NE Asia (S.-Q. Chen, 2006c; Eyre, 1968; Iwase, Hashizume, Izuho, Takahashi,
& Sato, 2012; Ray & Adams, 2001; S.-Y. Wang et al., 2017)
Notes: MOD=modern
* In this project, the Inner Asia region is divided into two subregions: the desert and semi-desert centered on the Tarimu Desert and the montane
regions centered on the Altai Mountains.
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Table 5.6 provides us a general picture of the impact of the LGM in NE Asia. To
sum up, the change can be seen as the process of loss of forests during the LGM
(interpluvial and glacial) period and revegetation at the end of the Ice Age. The dramatic
vegetation change happened in the northern part of NE Asia, at and above about 30°N.
The highest latitude (above 50°N) saw polar-and-tundra desert and boreal forest
replacement, while the zone in lower latitude (30°N-50°N) witnessed a more complicated
picture. The change of temperate forest-steppe from the Yanshan Mt. (northern edge of
Northern China) to the Qinling-Huaihe zone (southern edge of Northern China), coupled
with deforestation and desertification in Inner Asia, resulted in terms of the expansion of
temperate deserts and the formation of dry steppe across the Mongolian Plateau, Inner
Asia, and Northern China. Also, boreal forests decreased, and grassland increased leading
to, the formation of an open landscape in the PSHK. The above mentioned regions are
associated with microblade assemblages during the Last Ice Age. Deforestation in Central
China and SW China during the glacial period, may have favored hunting-dominated
subsistence, though these are not regions associated with microblade assemblages. The
adoption of alternative lithic technological systems dominated by flake-based products
might be linked to more closed (wooded) landscapes or a lack of microlithic cultural
traditions. But this needs more evidence to test the hypotheses.

5.6.3 Variables among Different Culture-Ecological Regions
The culture-ecological variations among regions can not only be seen in terms of
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vegetation, but also can be examined in terms of the variables produced from Binford’s
frame of reference. The maps produced in this chapter allow the author to do systematic
comparison of regions during glacial and interglacial periods. Using the classification of
culture-ecological regions according to vegetation and geography, some selected
variables can be compared (Table 5.7).
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Time

Arctic coast

GROWC

ET

NAGP
2

BIO5

EXPREY

2

2

TERMD2

WDEN

Unit

Month

°C

g/m /year

g/m /year

kg/km per year

persons/100
km2

persons/100
km2

MOD

2-3

<11.53

<500

<5,000

<300

<1

<3.033

SUBSPX2

SUBSPE

u

h
f

LGM

0-1

<11.53

<500

<5,000

<300

<1

<3.033

u

h
f

Western
Siberia

MOD

3-5

<11.53

<500

<5,000 (D)

<300

<1

<3.033

5,000-15,000
(S)
LGM

1-3

<11.53

<500

h (S)

h

u (N)

<5,000

<300

<1

<3.033

h (S edge)

h

u (N, D)

Central
Siberia

MOD

LGM

3-5

1-3

<11.53

<11.53

<500

<500

<5,000 (D)

<300 (N)

<1 (N)

5,000-10,000
(SE)

300-600 (C)

1-2 (S)

<5,000

<300 (N)

<1 (D)

300-600 (S)

1-2 (SE edge)

<3.033

h (S)

h

u (N)

600-900 (S)
<3.033

h (S edge)

h

u (N, D)

600-900 (SE
edge)

Eastern
Siberia

MOD

2-4

<11.53

<500

<5,000

<300

<1

<3.033 (W)

u

3.033-60.66
(E)
LGM

1-2

<11.53

<500

<5,000

<300

<1

<3.033

h
f (coast)

u

h
f (coast)
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Inner Asia

MOD

5-7

11.53-12.75

<500

<5,000

<300

<1

<3.033

h (N)

h

u&h (S,
desert)
LGM

1-7

<11.53

<500

<5,000

<300

<1

<3.033

h (N)

h

u & h (D)
Mongolian
Plateau

MOD

LGM

The Xing’an
and Changbai
Mts region

MOD

4-6

3-5

11.53-12.75

<11.53

4-6

<11.53 (N)

7-9 (S.
Kr. Pen.)

11.53-12.75
(D)
12.75-15.25
(S. Korea
Pen.)

LGM

2-6

<11.53 (D)

<500 (D)

<5,000 (NW)

500-1000
(SE edge)

5,000-10,000
(SE)

<500

<5,000

<300 
900-1200
(WE)

1-2 (E)

<1 (W, D)

300-1200 (With
centers of
Daxing’an &
Xiaoxing’an
Mts.)

<1 (NE)

<3.033 (NW)

1-2 (D)

3.033->9.099
(interior to
coast)

<10,000 (N, D)

300-600 (D)

10,000-20,000
(Liaoning Pen.)

600-900 (SW, &
E. Xiaoxing’an
Mts.)

<1 (N, NW,
NE)

<3.033
(mainland, D)

1-2 (S, SW)

3.033-6.066
(Kr. Pen.)

1000-1500
(S)

25,000-30,000
(N. Kr. Pen.)
>30,000 (S. Kr.
Pen.)

20,000-30,000
(N. & SE Kr.
Pen.)

MOD

LGM

3-6

1-6

<11.53 (D),
11.53-12.75
(edge)

<500 (D)

<5,000 (D)

500-1000
(SE. edge)

5,000-10,000 &
10,000-15,000
(SE edge)

<11.53

<500

<5,000 (D),
5,000-10,000
(SE edge)
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<3.033

1-2 (E)

2-3 (SW
edge, E.
Xiaoxing’an
Mts)

h

h (S, E)

h

u (Gobi)
h

h
f (coast)

h (D)

h

u (N edge)

f (coast of
Sea
of
Japan)

h (SE)

h

6.066-9.098
(SE Kr. Pen.,
edge)

30,000-40,000
(SW Kr. Pen.)
Tibetan
Plateau

h (S, E)
u (Gobi)

<300 600-900
(WE)

5,000-25,000
(NWSE)

500-1000
(S)

<3.033

2-3 (SE edge)

500-1000
(N)

<500 (N,
D)

<1 (W)

<300>1500
(NWSE, SE
Tibet Plateau as
the highest)

<1 – 4-5
(NWSE)

<3.033

<300900-1200
(NWSE)

<1 – 2-3
(NWSE)

<3.033

u (NW)

h (SE)

h

u (D)

f (S)

Northern
China

MOD

6-8

12.75-15.25

1000-1500
(SE)

<5,000 (NW
edge)

500-1000
(NW)

5,000-10,000
(N)

600-1200
(SENW)

2-3 (D)

600-900 (D)

1-2 (D)

1-2 (NW
edge)

3.033>9.098
(interior to
coast)

h (D)

h

m (N, E)

f (coast)

<3.033

h

h

3.033-6.066
 >9.098
(interior to
coast)

h

h

g

f (coast)

<3.033 (N
edge)

h

h

h

h (N)

g

g (S)

10,000-15,000
(S)
LGM

5-7

11.53-12.75
(N)
12.75-15.25
(S)

Central
China

MOD

LGM

8-11

7-11

12.75-15.25

12.75-15.25

<500
(NE),
500-1000
(D)

<5,000 (N)

1000-1500
(S)

10,000-15,000
(SW & SE edge)

1500-2000

15,000
- >30,000
(NS)

1000-1500

5,000-10,000
(S)

2-3 (S edge)

300-600 (C, D),
600-900 (edge)

15,000
- >30,000
(NS)

1-2 (D)
2-3
(surrounding)

600-900 (D)

1-2 (D)

300-600 (SE
coast)

2-3 (N edge)

m

3.033-6.066
(C)
6.066-9.098 (S
edge)

Southwestern
China

MOD

7-12

11.53-12.75
(NW)

1000-1500
(D)

12.75-15.25
(D)

1500-2000
(S, E)

15,000- >30,000
(NW-SE
midline with the
lowest values)

600-1500
(SENW, NW
to the center in
SE Tibet
Plateau)

3-4 (D)

15,000
- >30,000
(NW-SE
midline with the
lowest values)

1200-1500 (SE,
as center)

2-3 – 5-6 (SE
with the
highest
values)

4-5 & 5-6
(SE)

3.033-6.066
 >9.098
(NS)

m

15.25-18
(S)
LGM

7-12

12.75-15.25
(NW)

500-1000
(N)

15.25-18
(D)

1000-1500
(S)
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900-1200
(surrounding)

3.033-6.066,
6.066-9.098
(NS)

h (D)

h (N, D)

g (S edge)

g (S edge)

m (NE)

Southern
China

MOD

11-12

15.25-18

2000-2500
(N)
>2500 (S,
D)

LGM

11-12

12.75-15.25
(E)
15.25-18
(W. Hainan
Island)

Taiwan
Island

MOD

LGM

11-12

10-12

15.25-18

12.75-15.25

>30,000 (D)

300-600

15,000
- >30,000
(Hainan Is.Leizhou Pen.)

g (D)

300-600 (Hainan
Is.-Leizhou
Pen.-centered)

>2500

20,000
- >30,000
(SWNE)

300-600

>30,000

300-600

600-900 (N, E)

2-3 (N, D)
3-4 – 5-6
(Hainan Is. –
Leizhou Pen.
NESW)

2-3 (NE)

6.066-9.098
(NE edge)
>9.098 (D)

>9.098

3-4 (SW)
1-2

h
f (coast,
D)

4-5 (SW
Hainan Is.)

>30,000 (D)

1500-2000

>9.098

3-4 (SW)

1500-2000
(N, D),
2000-2500
(S)

15,000
- >30,000
(Hainan Is.Leizhou Pen.)

2-3 (D)

h (N)

h (N, D)

g (D)
m (N)

g+f
(Hainan
Is.)

g (S)

f

m (N)
>9.098

h

h

m

g
f

PSHK
Peninsula

MOD

LGM

5-7

2-4

11.53-12.75
(D)

<500 (N)

<11.53

<500

500-1000
(S)

<5,000
- >30,000
(NS)

300-600

<5,000 (N. Sak.
Is.)

<300

<1 (D)

>9.098

h

f

<3.033 (D)

h

h (interior)

1-2 (NW
Hok.)

5,000-10,000 (S.
Sak. Is., E.
Hok.)
10,000-15,000
(W. Sak.)
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<1

3.033-6.066 (S
Hok. edge)

f (D)

Paleo-Honshu
Island

MOD

7-10

12.75-15.25

1000-1500
(N, D)

>30,000

300-600

1-2 (D)

>9.098

<1 (N edge)

1500-2000
(S)
LGM

4-7

h (D)

h (interior)

g (S)

f (coast,
D)

m

11.53-12.75
(N)

500-1000
(N, D)

15,000-30,000
(N)

12.75-15.25
(S)

1000-1500
(S edge)

>30,000 (S)

300-600 (D)

<1 (D)

<300 (N edge)

1-2 (S edge)

3.033-6.066
(N)

h

6.066-9.098
(S)
>9.098 (S,
Pacific coast)

Table 5.7 Variables of hunter-gatherers in the cultural-ecological regions of NE Asia
Note:
1. Use of approximate numbers to record, but some with very low percentage are ignored.
2. Obviously no recording of exposed continental shelf during the LGM.
3. Abbreviations – D: dominant, Is.: Island, Mt: Mountains; Pen.: Peninsula; Kr: Korea; Hok.: Hokkaido; Sak.: Sakhalin.
4. SUBSPX2 (h=hunting, g=gathering, m=mixed, u=uninhabited), SUBSPE (h=hunting, g=gathering, f=fishing/aquatic resource.
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h (interior)
f (coast,
D)
higher
percentage
of h

The following paragraphs introduce 15 cultural-ecological zones (Fig. 5.30).
(i) Arctic coast: This region possesses an extreme environment in terms the lowest
ET, the shortest growing season, and the lowest biomes. Unless possessing sophisticated
technologies for aquatic resource exploitation, this region is assumed to be uninhabitable.
(ii) Western Siberia: the Western Siberian Lowlands region is associated with a
short growing season and low ET, making the subsistence inevitably based on hunting
with low population density. Ice and steppe-tundra turned this region uninhabited during
the LGM.
(iii) Central Siberia: Although this region has a short growing season, low ET, and
low primary biomass, much higher secondary biomass in southern and central regions is
expected to provide more opportunities to foraging societies than Western Siberia.
Moreover, the Baikal Lake – Yenisei River system in the mountain regions is expected to
provide diversified habitats in tundra and Mammoth Steppe, even during the LGM when
polar and alpine desert dominated Siberia (Graf, 2008; Khenzykhenova et al., 2016).
(iv) Eastern Siberia: As opposed to Western and Central Siberia, aquatic resources
were available for the hunter-gatherers as subsistence supplements to hunting. The
eastern part of this region is Western Beringia, and thus involved in the immigration
events from NE Asia to North America during late MIS 2, and to the spread of
microblade technology during the terminal Pleistocene (Ackerman, 2007; Goebel &
Buvit, 2011b).
(v) Inner Asia: The southern part is assumed to have been uninhabited by
hunter-gatherers (in the Minimalist Terrestrial Model) because of water deficit, while the
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northern part had forest-steppe mixed vegetation under LGM climatic conditions. This
region is located at the crossroads of SW Asia, Europe and NE Asia with relatively low
elevation, making it as an essential region for early migration, cultural transmission, and
technological spread during prehistory.
(vi) Mongolian Plateau: Considering that topography, water availability, and
vegetation of N. Mongolia are more similar to Western Siberia, the Mongolian Plateau as
a culture-ecological region only consists of the lower elevation areas, including the Gobi
Desert and the Inner Mongolia steppe. The former is assumed to have been uninhabited
by hunter-gatherers, while the latter provided a gradually increased secondary biomass,
which made it become one of the best regions for hunting ungulates. However, the
effective usage of the steppe did not begin until the appearance of the domesticated horse
in the Mid-Holocene (S.-Q. Chen, 2011).
(vii) The Xing’an and Changbai Mts. region: This region is a mosaic of
geographic areas, composed of two main river systems on the mainland – the
Heilongjiang/Amur and Liaohe Rivers – and the Korean Peninsula. Since use of obsidian
from the Changbai Mt. at the boundary of China and N. Korea connected this region
together and many cultural connections have been built during prehistory (Glascock et al.,
2011; Kuzmin, 2011, 2013; Kuzmin & Glascock, 2010), I categorize them into one
culture-ecological region with the name of the main mountains. This region also
contained a mixed vegetation of forest and grassland, with southwardly increased
effective temperature, growing season, and primary biomass. Rivers, lakes, and the coast
provided rich aquatic resources, which helped the prehistoric foraging societies in this
region become hunter-gatherer-fishers.
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(viii) Tibetan Plateau: There are no parallel cases with which to project subsistence
strategies for the interior Tibetan Plateau due to its uniquely vast area of extremely high
elevation. The eastern outliner of the Tibetan Plateau is associated with much higher
above-ground net productivity and primary biomass than the interior. The very high level
of secondary biomass provides one of the best areas for hunting. The southeastern
outliner is also characterized by the upper reaches of several big rivers, which could
provide transhumant (attitudinally mobile) subsistence strategies, but the turbulent rivers
also could impede inter-regional migration and communications. The biggest challenge
of living on the Tibetan Plateau is the effects of hypoxia, which is reduced partial
pressure of oxygen at elevations above 2500 m a.s.l. (Aldenderfer, 2006a). Prehistoric
hunter-gatherers have to balance the conflict between the reduced oxygen and increased
mobility required with low secondary biomass, especially in the interior Tibetan Plateau.
The last glacial age significantly reduced vegetation and caused the plateau to be
dominated by alpine tundra.
(ix) Northern China: Northern China witnessed the most significant change of
vegetation during the Last Ice Age among the regions studied here The forest-steppe
ecotone moved between the northern (the Yanshan Mt.) during the Holocene and the
southern boundaries (the Qinling Mt.-Huaihe R. zone) during the LGM. This region is
well-known for both the discoveries of microblade-assemblages and the origin of
agriculture. During the LGM, this region expanded eastward, covering the exposed
continent shelf of the Bo and Yellow Seas, and the once- and now-coastal region became
an interior one, with hunting as the dominant subsistence type.
(x) Central China: This region combines the Yangtze River Basin, southern Huaihe
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River Basin, and hilly areas between the Yangtze River and the Nanlin Mt. (meaning the
southern hills). It is covered by subtropical evergreen broadleaf forest under modern
climatic conditions, and the glacial age witnessed reduced density of forest vegetation
and the expansion of grassland, which provided a better habitat for ungulates. In this
sense, Central China might have played the role of a refugium-like environment. This
region is also heavily impacted by glacial-interglacial cycles in terms of retreat and
advance of lake shorelines. However, to date, no microblade assemblage has been
identified in this region.
(xi) Southwestern China: Generally speaking, this region is the one with the least
impact by the LGM in NE Asia. Southwestern and southern China possess the longest
growing season, highest effective temperature, and highest primary biomass, making
terrestrial plant food-gathering an important subsistence strategy. This region also has the
highest values of secondary biomass, which provided prehistoric foraging societies great
opportunity to explore terrestrial animal resources. However, a heavy pandemic disease
burden has frequently brought pressure to this region to hunter-gatherers and (more
severely) horticulturalists and agriculturalists (S.-Q. Chen, 2006c). Based on abundant
plant food, hunter-gatherer population density in the Holocene is expected to overcome
the packing threshold. There are a few identified microblade assemblages, but some of
them might belong to the Holocene. Further excavation and chronological studies are
needed.
(xii) Southern China: This region is located south to the Nanling Mt., including
Hainan Island. A long growing season (11-12 months) and high ET (15.5-18°C) support
high above-ground net productivity and primary biomass. Gathering and fishing could
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support high population density during the Last Ice Age, which overcomes the packing
threshold. Perforated stone tools, and ground stone tools appeared prior to 15 ky uncal.
BP, suggesting subsistence intensification, such as cultivation of root tubers, which might
be linked with deforestation events during the LGM and the post-LGM Pleistocene. A
Mesolithic-like adaption based on hunting-gathering-fishing subsistence finally formed
around 12 ky uncal. BP (S.-Q. Chen, 2014). The relative stable environment provided
good habitat for gathering-based subsistence, and there is only one identified microblade
assemblage (the Xiqiaoshan site, age unknown).
(xiii) Taiwan Island: the Taiwan Strait was exposed during the LGM and served as
a land bridge connecting the mainland and the present island. The Pleistocene and
Holocene environmental change shows higher similarity with Southern China than with
Central China. It experienced a transition to Neolithic horticulture and agriculture based
on taro, millet, and rice about 6000-4500 BP, introduced by immigrants from the SE
China coastal region, and the formation of mixed economies with foraging lifeways
(hunting-gathering-fishing) (Yu, 2016). There is no microblade assemblage identified on
the island.
(xiv) The Paleo-Sakhalin-Hokkaido-Kuril Peninsula: The PSHK was connected
because of the exposure of the shallow continental shelf between the islands and
mainland during the LGM. In contrast, Hokkaido and Honshu were always separated by a
narrow strait. This region experienced dramatic change in vegetation, from a
steppe-dominated open landscape during the glacial period to a closed boreal
forest-dominated landscape during the inter-glacial period. Meanwhile, during the
Pleistocene to Holocene transition, the growing season became longer, ET increased from
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the subpolar bottleneck to below the terrestrial plant threshold, and the primary and
secondary biomass also increased. Rich aquatic resources provided opportunities to
support high population density (over the packing threshold), comparing with very low
expected values if they only depended on terrestrial plants and animals (at most 1-2
persons/100km2 in the Minimalist Terrestrial Model). This region is well-known for
microblade assemblages hallmarked by the Yubetsu method.
(xv) The Paleo-Honshu Island: The fall of sea level also connected the islands of
Honshu, Shikoku, and Kyushu together during the LGM. Climate change did not produce
as much impact as in the PSHK. The terrestrial plant threshold moved southward, and the
northern part of the macro-island shared a similar forest-steppe ecotone change with
Northern China. Cool-temperate coniferous forest during the LGM implies a relatively
more open landscape than now. It is noted that fishing could dramatically increase
population density to overcome the packing boundary. Hundreds of archaeological sites
with microblade assemblages have been discovered, attesting to cultural regions with
different microblade production techniques. This region also witnessed the spread of the
Jomon culture from the SW to the NE during the post-LGM period.

5.6.4 Summary
To sum up, climate change from interglacial MIS 3 to glacial MIS 2 and then back
to interglacial climate (MIS 1) indeed could have significantly impacted the lifeways of
hunter-gatherers living in NE Asia, especially the habitats of the North using the Qinling
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Mts.-Huaihe River as a line (at about 33°N) 1 on the continent, the northern part (adding
the Tibetan Plateau and southern Paleo-Honshu Island) was occupied by people
specialized in hunting and fishing in the coastal regions and (partly) equipped with
microblade weaponry or alternative technologies (bifacial points, tanged points, arrows,
and others). The southern part is not associated with microblade-technologies, except for
several isolated discoveries. Not considering aquatic resource use, the northern part could
support much less population than the southern part, because of a shorter growing season,
lower effective temperature, lower net above-ground productivity, and lower primary
biomass. The advantage of the northern part is its secondary biomass, with the highest
values increasing from SW to NE China during the modern period, which might favor
microblade-based societies and serve as a corridor to transmit microblade technology
southward to SW and S. China during the post-LGM period.

5.7 Conclusion
This chapter constitutes a primary application of the macroecological approach to
hunter-gatherer adaptive systems based on Binford’s (2001) Constructing Frames of
Reference. Relying on several variables with aid of ArcGIS, a series of maps were
produced under modern and LGM climatic conditions, which show that LGM did indeed
greatly impact biomes for prehistoric hunter-gatherers and their subsistence
specializations. This chapter provides proxy of climatic deterioration during the LGM.
Then, 15 culture-ecological regions were defined according to geographic features and
1

In this project, 30ºN is adopted as a boundary based on discoveries of microblade assemblages between the Qinling
Mountains – Huaihe River (maybe in the future?), and the latitude of the southern tip of Paleo-Honshu Island.
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vegetation, each region with detailed information based on variables from the output files
of EnvCalc2.1 program for two (LGM and interglacial/modern) climatic conditions. They
suggest that each region experienced different climate change and witnessed different
adaptive changes among prehistoric hunter-gatherers.
After providing a panorama of NE Asian prehistoric hunter-gatherers under the two
climatic conditions and culture-ecological divisions, the next two chapters turn to
variation and change of microblade-based societies. Two waves of cultural change will
be examined under the macroecological approach, to hopefully shed light on the
dynamics of technological change.
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CHAPTER 6
Cultural Process among Microblade-based Societies I:
Rethinking the “Refugium Model”
A macroecological approach based on “frames of reference” as proposed by Lewis
Binford provides archaeologists a background with which to investigate variation and
change among microblade-based societies in NE Asia. By a series of calculations, models
and projections, impacts of the LGM on growing season, effective temperature, and
primary and secondary biomes, paleo-demographic distribution, and variability in
subsistence specializations can be reconstructed for each culture-ecological region. In
each region, prehistoric hunter-gatherers exploited local resources, including terrestrial
plants and animals and aquatic resources, to satisfy the their daily needs for survival,
organized themselves into different-size groups among dispersed, aggregated, and
annually/multi-yearly aggregated phases of subsistence-settlement systems, and
maintained or transformed their lifeways in their unpacked or packed demographic
conditions. During the interglacial-glacial-interglacial cycle from MIS 3 to MIS 1
through harsh MIS 2, microblade-based societies budded-off, blossomed, flourished, and
declined (and ultimately ceased to exist), a process that could be divided into Phases I, II,
III, and IV (Chapter 3). The Paleoclimatic and archaeological records suggest that two
waves of cultural change are linked with environmental changes (climate deterioration
and climate amelioration). The maps in Chapter 5 provide robust support for the serious
impact of the LGM glacial environment on behaviors of prehistoric foraging societies.
Based on macroecology and technological organization approaches, this chapter and the
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next will discuss cultural processes of microblade-based societies in different
culture-ecological regions, in order to explore mechanisms of cultural change during the
late Pleistocene and early Holocene in NE Asia.
This chapter is the first part of the study of the “cultural processes” of
microblade-based societies in NE Asia, focusing on Phases I and II of their development,
i.e., how foraging societies adopted microblade technology in this vast subcontinental
area before and during the LGM. This chapter focuses on the “refugium model”, since
many controversial ideas on the origin and spread of microblade technology are linked in
this model, making it a perfect entry point with which to assess different viewpoints.
After reviewing the literature, I analyze the assumptions of various perspectives on the
research question, and propose several alternative hypotheses to test within the
macroecological approach, in which cultural processes of the target microblade-based
societies are studied. Chapter 7 focuses on cultural processes during the Phases III and IV,
which are not closely linked with the “refugium model”.

6.1 High Latitudes of NE Asia: the Transbaikal and the PSHK
The discussion of the high latitudes of NE Asia refers to two regions with
microblade-based societies: the northern continental area and the northern island area. In
terms of culture-ecological regions, it covers western, central and eastern Siberia, as well
as the Xing’anling and the Changbai Mts. regions, and the PSHK. The common points
among these areas include a short growing season, low effective temperature, low
above-ground productivity, and low primary biomass. The LGM witnessed serious
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climate deterioration, which greatly decreased the values of the variables given above,
and seriously changed the landscape from boreal forest to Mammoth Steppe, tundra, and
polar desert.
6.1.1 Continuously Occupied or Abandoned?
Occupation of the Transbaikal has become a controversial research focus since the
beginning of the new millennium. Ted Goebel (1999, 2002), an American archaeologist,
challenged the long standstill model in Siberia proposed by Russian archaeologists by
questioning the association of C14 data with the respective strata dated to pre-LGM in
which microblade assemblages were discovered, leading to the prominent debates with
Russian archaeologists. Goebel proposes the hypothesis of abandonment of Siberia and
post-LGM recolonization of north Asia by peoples equipped with microblade technology
(Goebel, 2002). Kelly Graf (2009a), Goebel’s colleague, finds no evidence of cultural
occupation that reliably dates to 20.8-17.2 ky uncal. BP in the Yenisei River valley, and
argues that other regions in Siberia, including the Transbaikal, Angara, and W. Siberia,
might have experienced a similar drop in the frequency of dated occupations during the
LGM. This also matches a biomodal distribution of C14-dated Upper Paleolithic
occupation frequencies with peaks prior to and after the LGM. In her subsequent papers,
Graf (2009a, 2010, 2014, 2015) points out several differences between MUP and LUP
industries in the Yenisei River valley, including tool production types, technological
provisioning, and land-use patterns. She observes that LUP hunters who were equipped
with microblade technology “were consistently reworking and maintaining their tools,
especially formal tools more than MUP hunter-gatherers”, though the latter also might
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have practiced logistical strategies, and “were maximizing usable pieces within their
toolkits and provisioning individuals” (Graf, 2010: 220). Thus, Graf questions the long
standstill model on the basis of both chronology and technological organization.
Although criticized by Goebel, Graf and their colleagues, the long standstill model or
continuity-of-occupation model remains unchallenged in Russia (although various
Russian archaeologists have different interpretations of the evidence). Kuzmin (2008:
202, 206) argues that the “number of Paleolithic occupations in Siberia during the LGM
has not declined compared with those dated to pre-LGM”, and that “the LGM people in
Siberia were fully equipped with microblade tools that were very effective for hunting
large mammals such as bison, horse, reindeer, and other hoofed species” (with no giant
mammals such as mammoth, mastodon or rhino). Radiocarbon dates published by
Kuzmin and Keates (2005, 2013) under the conditions of a reliability check called
“chronometric hygiene”, suggest that the LGM-associated sites are widely distributed in
the major regions of southern and central Siberia, and that humans did not abandon
Western Siberia the Yenisei River basin, the Angara River Basin and Cis-Baikal, and
Russian Far East (Kuzmin, 2016).
In addition to the tit-for-tat argument on abandonment and continuity of occupation
in Siberia between the camp of Goebel and Graf on the one hand and the camp of
Kuzmin and Keates on the other, Ian Buivit and Karisa Terry and their colleagues (Buvit
et al., 2016b; Terry, Buvit, & Izuho, 2018; Terry et al., 2016) provide detailed
information on population dynamics in Transbaikal and PSHK. They assume that the
wedge-shaped microcores from the Altai and microcores from the Transbaikal are the
ancestral types of the later (post-LGM) ones in Transbaikal, and make a chronological
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table on human immigration and technological transmission across the two regions
(Table 6.1). They also propose that the PSHK might have served as a LGM human
refugium for the populations from interior Siberia, and that multiple post-LGM
movements from the PSHK reflect one parent source area whence people spread into
western and eastern Beringia (Terry et al., 2018).

Age (ky cal.
BP)
>32

starting
~26.8 (26)

period

~15

~13

The PSHK Peninsula

Prior-LGM Microlithization occurred in southern
Siberia, associated with a
technological organization of
combining wedge-shaped microcores
from the Altai and microcores from
the Transbaikal.
LGM
LGM human migrated onto PSHK,
signaled by the appearance of
microblades with a significant
increase of numbers of C14 dates.

24.83-22.74
(23)

~22.74

The Transbaikal

LGM population decreased and then
abandoned the Transbaikal.

Post-LGM

Migrants came back in to the
unpopulated Transbaikal with the
first microblades
Later migration again into the
Transbaikal

Microblade technology
appeared in Hokkaido
alongside flake and blade
assemblages and an in flux
in archaeological sites.
Flake and blade
assemblages disappear on
Hokkaido leaving only
microblade technology and
a general reduction of sites.

Bifacial leaf-shaped and
stemmed points are added
to microblade technology
and an increase in site
density.

Migration out of PSHK with the
disappearance of microblades.

Table 6.1 Historical events related to microblade technology in the Transbaikal and the
PSHK according to Buvit et al. (2016b) and Terry et al. (2018)
Note: Ages within parentheses for the PSHK
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6.1.2 Assessment of the Previous Viewpoints
Apparently, although the three groups of archaeologists have different viewpoints on
the occupation and population dynamics in Siberia and PSHK, they all adopt a combined
migrationist/diffusionist explanation in the culture-historical paradigm. The long-standing
model implies that microblade technology had its roots in the microcores uncovered in
the Altai and Transbaikal regions in Siberia, with the only change through time being
greater standardization. This viewpoint is based on the assumption that prehistoric people
during the EUP (even MP) did not experience dramatic population change, and the
technology followed an evolutionary line from EUP and MUP to LUP. The Siberian
abandonment model developed by Goebel and Graf suggests an outside origin of
microblade technology in eastern Mongolia (Goebel, 2002) or somewhere (i.e., refugia)
with more temperate climate such as the PSHK (Graf, 2009b, 2015), and assumes that
some peoples equipped with microblade technology recolonized Transbaikal and brought
that technology with them. Buvit and Terry’s viewpoint can be seen as a development of
Goebel and Graf’s model (especially Graf’s PSHK hypothesis), but with more detailed
chronological data on reconstructed historical events. A recently published paper
coauthored by Graf and Buvit (2017) discussed the significance of the LGM Siberian
abandonment model for human dispersal to Beringia and the New World.
To reject the long-standing model, archaeologists arguing for the Siberian
abandonment model question the reliability of C14 dates from early sites associated with
identified microblade assemblages and propose the hypothesis that very few people were
left in Siberia during the LGM, and then look for a region associated with early
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microblade technology (dated to the beginning of the LGM), such as eastern Mongolia
( Goebel), or PSHK (Buvit, Terry, and others), assuming these to be candidates for LGM
human refugia. Finally, they assume that microblade technology appearing at the end of
LGM was introduced from the refugia, such as Rankoshi-type microcores at the sites of
Kashiwadai-1 (Hokkaido) and Ogonki-5 (Sakhalin) (see Chapter 2). However,
archaeologists in the long-standing model camp argue for the reliability of the C14 dates
that would correspond to the LGM, mostly at the sites that contain microblade
assemblages. Thus, there are three key controversial issues between the two models: (i)
did prehistoric foragers abandoned Siberia during the LGM? (ii) can the technology prior
to the LGM be identified as being one of microblades? (iii) can the post-LGM microblade
technology in Transbaikal be securely proven to be a descendent from those in the LGM
PSHK? Key issue (i) is only related to chronology, so the only solution for this issue is to
obtain more high-precision radiocarbon samples with good archeological associations, so
it does not require any further discussion of technological and cultural change here. Key
issue (ii) depends on the definition of microblade technology. Goebel, Graf, Buvit, Terry
and others seem to narrow the definition to wedge-shaped (especially System A in
Kobayashi’s classification), but if we use Bar-Yosef and Wang’s (2012) four-type
classification system and take into consideration Ikawa-Smith’s (2007) viewpoint on
early microblade assemblages (especially dating around 35/40-18 ky uncal BP), the lithic
assemblages discovered in the Altai Mts., Upper Yenisei River Basin, Angara River
Basin, Lena River Basin, Russian Far East, Transbaikal, Mongolia, North China, and
Japan should be categorized as microblade assemblages. This is the viewpoint adopted in
this study. The key issue (iii), until now, remains an assumption. As argued in Chapter 2,
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there is no effective method to trace the “family trees” of microblade technology itself
because of the lack of cultural markers on microblades and microcores.
Finally, it is essential to note that both the long standstill and the Siberian
abandonment model are built on the same assumptions: microblade technology could
have been invented only once in one region and microblade assemblages discovered in
the sites dated to a later period should have been introduced by human migration or
cultural transmission. Unfortunately, this is not true, since a given technological system
could have been “invented, abandoned, and reinvented due to a variety of factors, of
which their success or failure in the techno-economic sphere is only one” (see Bar-Yosef
& Kuhn, 1999: 330). Thus, rather than wasting our energy on seeking the origin and
spread of microblade technology, it is better to investigate the techno-economic sphere
which favored or impeded the adoption thereof in each culture-ecological region. In this
project, I use a macroecological and technological organization approach to provide an
alternative framework of explanation.
6.1.3 The Macroecological Approach
Chapter 5 provides adequate information to evaluate the assumption that PSHK had
a relatively favorable environment for foraging societies during the LGM. A comparison
can be conducted between the Transbaikal and PSHK based on the maps in Chapter 5 and
the differences among variables summarized in Table 5.7 (with modification for
Transbaikal) (Table 6.2).
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Variable (unit)

The Transbaikal

The PSHK

GROWC
(month)
ET
(°C)
NAGP
(g/m2/year)
BIO5
(g/m2/year)

3

2-4

<11.53

<11.53

<500

<500

<5,000

Secondary biomass

EXPREY
(kg/km2/year)

Population density in
Minimalist Terrestrial
Model
Population density in
projection

TERMD2
(persons/100 km2)

100-200 (N)
200-300 (C)
300-400 (S)
<1

<5,000 (N. Sakhalin)
5,000-10,000 (S. Sakhalin, E.
Hokkaido.)
10,000-15,000 (W. Sakhalin)
100-200 (N. Sakhalin)
200-300 (dominant)

WDEN
(persons/100 km2)

<3.033

Subsistence specialty
in Minimalist
Terrestrial Model
Subsistence specialty
in projection

SUBSPX2

hunting
uninhibited

SUBSPE

hunting

Growing season
Effective temperature
Net above-ground
productivity
Primary biomass

<1

<3.033 (dominant)
3.033-6.066 (S Hokkaido
edge)
hunting

hunting (interior)
fishing (dominant)

Table 6.2 Comparison of variables between the Transbaikal and the PSHK under
LGM climatic conditions
Note: N=north, C=central, E=east, S=south

There is no significant difference between the two regions among these variables,
both of which are associated with a short growing season, low effective temperature, and
low net above-ground productivity. The primary biomass on the PSHK is higher than the
Transbaikal, but secondary biomass is lower than in the latter. Since secondary biomass
is closely linked with hunting activities, the Transbaikal seems to be more attractive than
the PSHK region for foraging societies specializing in hunting. Figure 6.1 clearly shows
the relative advantage of living in the Transbaikal vis a vis the PSHK; it is very close to
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one of the areas with the highest values of secondary biomass (the conjunction of Russia,
Mongolia and China). Thus, if the prehistoric hunter-gatherers’ subsistence was terrestrial
animal-dependent (see the variable SUBSPX2, i.e., subsistence specialization in the
Minimalist Terrestrial Model), they had no reason to abandon the Transbaikal and
migrate to the PSHK about 1500 miles to east, to hunt ungulates with a lower density.
However, Table 6.2 shows that the PSHK possessed a great amount of aquatic resources,
which could support much higher population density (see the variable WFISHP, Fig. 5.18,
variable SUBSPE, i.e., subsistence specialty in the ethnographic projection, and variable
WDEN, Fig. 5.20), making the PSHK become an attractive region in which to practice
fishing as an important part of their subsistence.
Although the maps, models, and projections cannot solve the long debate about
occupation and microblade assemblages in the Transbaikal region (and also the Yenisei
River Basin), they can inspire us to propose hypotheses to test in the further studies.
Three hypotheses can be proposed here, all of which match the three viewpoints by the
archaeologists mentioned above, i.e., the long standstill model represented by Kuzmin
and Keates (Kuzmin, 1994, 2007, 2008, 2016; Kuzmin & Keates, 2004); the Siberian
abandonment model with microblade technology of eastern Mongolia origin, by Goebel
(2002) and Graf (2005, 2009a, 2009b, 2010, 2014, 2015); and the Siberian abandonment
model with microblade technology of PSHK origin, by Buvit and Terry (Buvit et al.,
2016b; Buvit & Terry, 2016; Buvit et al., 2015).
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Hypotheses H6.01- H6.03
H6.01: Prehistoric foraging societies stayed in Transbaikal, and they developed their
microblade technology during the LGM because increased environmental pressure
forced them innovate their technology to adapt to decreased secondary biomass
(ungulates). High mobility and short duration of occupation at one locality might
have dramatically decreased visibility of the sites during the LGM.
H6.02: Prehistoric hunter-gatherers moved east to the eastern Mongolia Plateau (the
conjunction of Russia, Mongolia and China) because of the highest density of
secondary biomass in that location. During the LGM, they improved their
microblade production methods, and achieved a bifacially-prepared technique,
which was then introduced back at the end of the LGM, so the LUP industries in
Transbaikal and the Yenisei River Basin are associated with microblade
assemblages.
H6.03: To exploit aquatic resources, the prehistoric hunter-gatherers in the Transbaikal
moved to the PSHK. They improved their lithic technology and invented the
Rankoshi-type microblade production method. At the end of the LGM, some
people returned to the Transbaikal, and microblade technology flourished in
Transbaikal and the Yenisei River Basin.

The macroecological approach adopted here does not support the hypothesis H6.03,
since the innovation of microblade technology is lacking in apparent demand due to a low
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abundance

of

ungulates,

though

Japanese

archaeologists

believe

the

LGM

open-landscape PSHK was suitable for microblade technology (Kawamura & Nakagawa,
2012; Morisaki et al., 2015; Nakazawa & Akai, 2017; Takahashi & Izuho, 2012). Taking
into consideration the distribution of secondary biomass in the zone between 40°N-55°N,
it is unconvincing that prehistoric hunter-gatherers from the remote Transbaikal region
caused a population influx into the PSHK at the beginning of the LGM and improved
their lithic technology to hunt sparsely distributed ungulates there. In contrast, both the
first and second hypotheses have potential to be partly proven in the future.
The maps, models, and projections in this project seem to support a more
complicated cultural process in the zone 40°N-55°N of NE Asia during the MIS 2. The
Altai Mts., Upper Yenisei River Basin, Angara River Basin, Lena River Basin, Russian
Far East, Transbaikal, and N. Mongolia share same latitude range, in which many sites
are associated with early microblade assemblages. Some sites are even dated to the end of
MIS 3, such as Denisova Cave (Str. 11 & 9), Ust-Karabol 1 (Str. 10 & 9) in the Altai Mts.,
Ikhine 2 (Str. 2b) in the Lena River Basin, and Kamenka (Complex B, Layer 6) in the
Transbaikal. The zone where the sites are located can be named the “Southern Siberia
Belt”, extending from the Altai Mountains to the PSHK, in which secondary biomass was
high. The belt displays its difference under both the modern and LGM climatic conditions,
but the geographic distribution of the isolines stays the same but with differences in
density (Fig. 5.8 and Fig. 5.9). The archaeological record suggests that as early as MIS 3
(to 29 ky uncal. BP) and MIS 2 prior to the LGM (29-22 ky uncal. BP), microblade
technology appeared in some sites, contemporary with Levallois, blade, bladelet, and
flake assemblages along the “Southern Siberia Belt”. Meanwhile, both primary and
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secondary biomass decreased, and the distribution of secondary biomass became more
fragmented. Prehistoric hunter-gatherers had to increase their mobility, including increase
their distance of residential movement per year (see Variable EXDMOV1, Fig. 5.24).
Microblade/bladelet technology began to show its relative advantage over other lithic
technologies under a deteriorating environment, and become more popular, although
standardization was not high in the MUP assemblages in the Yenisei River valley (see
Graf, 2010). During the LGM, some people stayed in some refugia of the Transbaikal
(Khenzykhenova et al., 2016), but many people moved to regions with higher
productivity, especially the regions with more ungulates. For those living in the
Transbaikal, the best choice may have been to move eastward to the Shilka and Argun
River Basins in the NE Mongolia Plateau, where ungulates had the highest productivity
along the “Southern Siberia Belt” (the Gobi desert impeded them from moving southward
to N. China). The high demand for effective hunting weaponry might have motivated
people to innovate and improve upon their existing technologies. A number of
advantages, such as high maintainability, cheapness, lethality and strength, and lightness
make microblade technology the first choice for weapon heads (Bleed, 2002; Elston &
Brantingham, 2002; Goebel, 2002). The bifacially prepared microcore production method
provides a much higher probability to successfully produce highly standardized
microblades than earlier forms of microcores, which can be traced to the
proto-wedge-shaped cores during the prior-LGM (see Keates, 2007). Meanwhile,
large-scale obsidian exchange networks formed in prehistoric NE Asia, covering NE
China, Russian Far East, Korean Peninsula (almost the whole Xing’anling and Changbai
Mts. culture-ecological region) with lithic sources from Paektusan (China – N. Korea
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boundary), Obluchie Plateau (Heilongjiang / Amur River, Russia – China boundary),
Basaltic Plateau (Ussuuri River, Russia – China boundary region) (Kuzmin, 2012).
Several obsidian sources also have been discovered in the Japanese Archipelago. The
lithic raw materials from Akaigawa, Shirataki and Oketo have been found in the whole
PSHK, and in the Amur estuary, and those from Koshidake have been discovered in the
Ryukyu Islands and southernmost Korean Peninsula (Kuzmin, 2012). Lithic raw material
transportation also implies a social network of information exchange. Microblades as
elements of a composite technology are essential to the careful maintenance of weapon
tips through the replacement of cutting edges. Obsidian as a high-quality lithic raw
material, without question became one of the most prominent choices for microblades in
these regions. The spread of microblade technology can be seen as a cultural adaptation
to a high-mobility lifeway for subsistence, to high-quality raw material procurement and
transport, and to large social network-building. Finally, with the aid of interactions of
several centers with higher secondary biomass, assumed raw material transportation
stations, and outcrops of high quality raw materials (obsidian, chert, hard shale, etc.),
microblade technology got transmitted into the PSHK. Rich aquatic resources in the
Russian Far East and the PSHK could supplement the scarcity of terrestrial plant and
animal foods, which helped the hunter-gatherers form an economy based on hunting in
the interior and fishing in the coast regions. During the LGM, the Togeshita and
Rankoshi types of microcore reduction methods formed in the PSHK. Microblade
technology also spread to Paleo-Honshu, forming many small cultural regions associated
with distinctive microcore types due to raw material availability and alternative
techniques to produce microblades (Sato & Tsutsumi, 2007). This project supports S.-Q.
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Chen’s (2008b) viewpoint, namely that the microblade technology in the Japanese
Archipelago was absorbed as a cultural adaptation. However, the hypothesis of aquatic
resource exploitation in the PSHK needs further evidence in order to be tested.
Moreover, the microblade-based societies after the LGM possessed LUP industries
are hallmarked by more standardized microblade reduction techniques than was the prior
MUP. Standardization requires the use of high-quality raw materials to make formal tools,
and requires that the foragers maximize the utility of usable pieces within their tool kits.
According to Graf (2010: 221), this suggests the LUP hunter-gatherers were individuals
who could provision places and possessed a higher level of technological organization,
comparing with those associated with informal and relatively wasteful MUP assemblages.
However, the peoples using LUP industries cannot be proven to be those who had
migrated from other regions, since technological change could result from convergent
cultural adaptation and local technological innovation due to necessity. There is no need
to assume the equation between ethnic groups and any specific technology.

6.2 Edge of the Loess
The Loess Plateau and North China Plain formed the core region of
microblade-based societies in northern China. This culture-ecological region is today
characterized by temperate forest and some steppe on its NW edge, but temperate
deciduous forest shrank and steppe expanded during the LGM, resulting in a
steppe-dominant landscape. The ET line of the terrestrial plant threshold (12.75°C) under
modern climatic conditions almost matches the northwestern edge of this region, while
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the same threshold under LGM climatic conditions almost matched the southern edge.
Detailed information on climate, habitat, and variables of hunter-gatherers under both
climatic conditions have been listed in Tables 5.6 and 5.7. This region witnessed a
sequence of expansion-shrinkage-expansion of site distribution during the MIS 3, LGM,
and Post Glacial periods (L. Barton et al., 2007: Fig. 2). During the LGM, the number of
archaeological sites (apparently) decreased in northern China, and NE China in particular
shows very few archaeological sites, which seems to suggest abandonment of the latter
region by prehistoric foraging societies. This population dynamics show a similar
“refugium model”.
6.2.1 Local Origin or Exotic Technology: An Assessment of Previous Viewpoints
In China, the long-standing dominant viewpoint on the origin of microblade
technology in northern China based on the logic of microlithization of existing lithic tool
types (Jia et al., 1972), has been challenged by some young scholars, especially those
who graduated from the Institute of Vertebrate Paleontology and Paleoanthropology
(IVPP), Chinese Academy of Sciences (CAS), including Zhi-Yong Zhu (2006, 2008) and
Ming-Jie Yi (Yi et al., 2016). In addition to Sheng-Qian Chen’s (2008b) North China
origin hypothesis derived from a culture-ecological approach, other specialists have also
provided different ideas during the last three decades. Sen-Shui Zhang (1990) proposed
that microblade technology in China might be linked with blade technology at the EUP
Shuidonggou site, suggesting regional evolution and cultural interaction between
northern China and Inner Asia. Shui-Sheng Du (2004, 2007a) proposed a double-origin
model: the Xiachuan type would have begun in N. China (on the then-exposed
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continental shelf of Bo-Yellow-East China Sea during the Last Ice Age, ~25 ky uncal.
BP), while the Hutouliang type would have arisen in Middle Paleolithic Siberia. His
viewpoints are local continuity in both regions and spread of microblade technology to
another direction (the Xiachuan type from south to north, while the Hutouliang type from
north to south). Shinji Kato (2015), a Japanese archaeologist specializing in Chinese
Paleolithic archaeology, proposed a hypothesis on the origin of microblade technology in
China, which can be summarized as follows (Table 6.3):

Chronology
(ky uncal. BP)

Period

Proposed Events

30-25

Prior-LGM

Early microlithic industry in Siberia

25-20

Prior-LGM
to LGM

Dramatic increase of microlithic industry in Siberia and the
Altai region
The “northern type” of microliths spread eastwardly and
southwardly

23

LGM

23 ky uncal. BP*: Northern China witnessed inflow of
Mammoth Steppe fauna (lasted to 12 ky uncal. BP).
23 ky uncal. BP: The peoples equipped with “northern type”
of microlithic industry moved southwardly and met the
peoples in North China, through NE China

23-20

23-20 ky uncal. BP: Then, the foraging group studied the
“northern type” and adjusted them to a local type, because of
raw material scarcity; some sites associated with
wedge-shaped microcores heavily influenced by the “northern
type”

20

20 ky uncal. BP: widely distribution of microlithic industry

Table 6.3 Kato’s proposed events of microlithic industries** in China
NOTE: * 25 ky cal. BP in the original document approximately equals 23 ky uncal. BP
** Kato uses microlithic industry as a general term for a microblade industry of associated
microcores and bladelets

160

The above viewpoints – except the traditional North China origin hypothesis of Jia
et al. (1972) and that of regional interaction by S.-S. Zhang (1990) – almost all can be
categorized under the rubric of a “refugium model” in which North China became a LGM
refugium for prehistoric foraging societies. S.-Q. Chen (2008b) emphasizes the southern
shift of the forest-steppe ecotone and the ET line, and in his model microblade
technology is assumed to have been invented in southern N. China. Others, including Du
(2007a), Zhu (2008), Kato (2015), and Yi et al. (2016), stress the introduction of
microblade technology (especially System A or the bifacially prepared microcore
reduction method), which is widely seen in Siberia. The recent theory of an origin or
innovation of microblade technology in the PSHK by Buvit and his colleagues has not yet
been widely introduced into China, and Chinese archaeologists who insist on a Siberian
origin tend to adopt Goebel’s (2002) viewpoint (see Yi et al., 2016; Zhu, 2006; Zhu &
Gao, 2007). Though some of research follows a technological-functional approach,
population migration and technological diffusion remain the prominent explanations of
cultural change.
Just as argued in the first case study on the Transbaikal and the PSHK in this chapter,
the culture-historical approach has relative lower potential to explain the emergence and
expansion of microblade technology, compared to the macroecological approach. Under
the background of a culture-historical approach, archaeological studies on the origin and
spread of microblades in N. China can be summarized as the following hypotheses:
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Hypotheses H6.04 – H6.05
H6.04: Microblade technology developed from local flake and blade technologies during
the MIS 3 / MIS 2 boundary. The harsh climate of the LGM probably forced people
to widely use it to support high mobility-based lifeways.
H6.05: Microblade technology was introduced by migrants from Siberia. Prehistoric
foragers migrated to northern China with the Mammoth Steppe fauna at the
beginning of the LGM. Local people learned new technology from the immigrants
and created their own microblade industry.

The hypothesis H6.04 is based on the chronometric dates of the sites associated with
early microblade assemblages (Table 6.4). Some early published dates have been
questioned, including those from Shiyu, Chaisi, and Xiaonanhai, because of association
and stratigraphy issues and/or low-precision radiocarbon dates contradictory to recently
published dates (S.-Q. Chen, 2008b; Yi et al., 2016). However, the recently published
high-resolution AMS C14 dates based on multiple samples with OSL dates as reference,
give strong support for the existence of early microblade technology in northern China
prior or at the beginning of the LGM, including the Longwangchan site, the Xishi site,
and the Youfang site (Nian, Gao, Xie, Mei, & Zhou, 2014: Fig. 6b). Relying on the early
dates of these sites, X.-Q. Wang and Zhang (2016) argue that microlith technology 1 in
northern China was derived from the small flake tool tradition during the regional EUP.
As early as 14 years ago, J.-Z. Liu (2004) had developed a model for microblade

1

Their microlith technology equals to microblade technology as used here.
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technology of northern China origin, evolving from the local small flake tool tradition.
Lithic artifacts recovered from the Fanjiagouwan site on the Ordos Plateau seem to also
suggest a early stage of microblade technology in northern China (Huang & Hou, 2003).
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Site

Latitude

Longitude

Material

Method

Lab. No.

Dates

Reference

Shiyu
峙峪
Xiaonanhai*
小南海
Chaisi (Dingcun
77:01) 柴寺

39.4167

112.2833

Bone

Conv. C14

ZK-109-0

28,945±1,370

36.0528

114.1029

Charcoal

Conv. C14

ZK-654

24,100±500

35.8524

111.4107

Shell

Conv. C14

ZK-635-1

26,400±800

Charcoal

Conv. C14

PV-129

>40,000

Charcoal

Conv. C14

ZK-417

23,900±1,000

Charcoal

Conv. C14

ZK-393

20,700±6,00

Charcoal

Conv. C14

ZK-384

21,700±1,000

Charcoal

Conv. C14

ZK-385

16,400±900

IT1(2)

Charcoal

Conv. C14

ZK-0385

15,940±900

IT2-6(2)

Charcoal/mud

Conv.C14

ZK-0384

21,090±1000

IT8(2)

Charcoal

Conv. C14

ZK-0417

23,220±1000

Charcoal

Conv. C14

ZK-393

20,700±600

Charcoal

Conv.C14

ZK-393

20,700±600

Mud

Conv.C14

ZK-0494

17,860±480

Charcoal

Conv.C14

ZK-762

13,900±300

Charcoal

Conv.C14

ZK-634

19,600±600

Charcoal

AMS C14

BA06005

21,405±75

ZKYKGLab
(1977)
SKYKGLab
(1980)
SKYKGLab
(1980)
X.-G. Li et al.
(1980)
SKYKGLab
(1978)
SKYKGLab
(1978)
SKYKGLab
(1978)
SKYKGLab
(1978)
IA-CASS
(1991)
IA-CASS
(1991)
IA-CASS
(1991)
C. Chen and
Wang (1989)
IA-CASS
(1991)
IA-CASS
(1991)
C. Chen and
Wang (1989)
C. Chen and
Wang (1989)
J.-F. Zhang et
al. (2011)

Xiachuan**

35.4425

Layer

112.0153

下川

Xiachuan Loc.1

Xiachuan Loc.2
Xiachuan, SSY

IIIT1-2(2)

Xiachuan, SWP

Longwangchan, Loc.
1***

36.1521

110.4342

layer 4
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龙王辿

layer 5

layer 6

Charcoal

AMS C14

BA06006

20,915±70

Charcoal

AMS C14

BA06009

20,995±70

Charcoal

AMS C14

BA091131

20,710±60

Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Charcoal

OSL

L1387

21.4±1.1 kya

OSL

L1388

23.0±1.0 kya

OSL

L1389

26.8±1.2 kya

AMS C14

BA06008

21,920±80

Charcoal

AMS C14

BA06007

21,740±115

Charcoal

AMS C14

BA091132

22,105±50

Charcoal

AMS C14

BA091133

22,200±75

Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Charcoal

OSL

L1390

24.2±1.0 kya

OSL

L1391

22.6±1.0 kya

OSL

L1392

22.8±1.1 kya

OSL

L1393

23.1±1.1 kya

OSL

L1394

25.2±1.3 kya

AMS C14

BA091129

24,145±55

Charcoal

AMS C14

BA091130

22,230±55

Fine-grain
quartz

OSL

L1395

25.6±1.2 kya
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J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)

Shizitan Loc. S5

36.0464

110.5872

Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Fine-grain
quartz
Bone

OSL

L1396

25.1±1.2 kya

OSL

L1397

25.8±1.2 kya

OSL

L1398

28.7±1.4 kya

OSL

L1399

27.7±1.3 kya

OSL

L1400

28.6±1.3 kya

OSL

L1401

28.8±1.4 kya

AMS C14

BA101408

16,300±60

Bone

AMS C14

BA101409

17,940±80

Charcoal

AMS C14

BA101406

16,580±50

Charcoal

AMS C14

BA101407

16,980±70

Stratum II

Charred bone

AMS C14

BA101589

15,030±150

Stratum III

Charred bone

AMS C14

BA01158

17,210±290

Stratum IV

Charred bone

AMS C14

BA101591

19,050±80

Layer 2, 203 cm
deep
Layer 2, 200-206
cm deep
Layer 2, 248 cm
deep
Layer 2, 276 cm
deep
Layer 3, 282 cm
deep

Bone

AMS C14

BA101414

14,650 ± 70

Bone

AMS C14

BA10132

15,725 ± 80

Charcoal

AMS C14

BA10131

16,760 ± 65

Bone

AMS C14

BA101416

15,390 ± 70

Bone

AMS C14

BA101419

17,200 ± 50

layer 4

柿子滩
layer 2

Shizitan Loc. S14

Shizitan Loc.
S29****

36.0394

36.0513

110.5110

110.5910
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J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
J.-F. Zhang et
al. (2011)
Song and Shi
(2016)
Song and Shi
(2016)
Song and Shi
(2016)
Song and Shi
(2016)
L. Liu, Bestel,
Shi, Song, and
Chen (2013b)
L. Liu et al.
(2013b)
L. Liu et al.
(2013b)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)

Layer 3, 303 cm
deep
Layer 4, 465 cm
deep
Layer 4, 469 cm
deep
Layer 4, 605 cm
deep
Layer 4, 620 cm
deep
Layer 4, 622 cm
deep
Layer 4, 624 cm
deep
Layer 4, 640 cm
deep
Layer 5, 772 cm
deep
Layer 5, 787 cm
deep
Layer 5, 750.5 cm
deep
Layer 5, 751.5 cm
deep
Layer 5, 750.5 cm
deep
Layer 5, 804 cm
deep
Layer 5, 801.8 cm
deep
Layer 6, 968 cm
deep
Layer 6, 964 cm
deep
Layer 6, 964 cm
deep

Bone

AMS C14

BA10133

17,360 ± 60

Bone

AMS C14

BA101420

17,500 ± 70

Bone

AMS C14

BA10134

16,170 ± 50

Bone

AMS C14

BA10135

16,930 ± 50

Bone

AMS C14

BA101422

16,750 ± 80

Bone

AMS C14

BA101421

18,570 ± 60

Bone

AMS C14

BA101423

19,210 ± 80

Tooth

AMS C14

BA10136

17,040 ± 60

Bone

AMS C14

BA10137

18,360 ± 70

Charcoal

AMS C14

BA10485

20,420 ± 80

Bone

AMS C14

BA101426

19,650 ± 100

Charcoal

AMS C14

BA101427

19,510 ± 70

Charcoal

AMS C14

BA101428

19,940 ± 70

Charcoal

AMS C14

BA101429

19,710 ± 80

Charcoal

AMS C14

BA101430

19,860 ± 70

Bone

AMS C14

BA101431

18,140 ± 80

Charcoal

AMS C14

BA101433

20,410 ± 80

Bone

AMS C14

BA101434

19,850 ± 80
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Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)

Layer 6, 961.5 cm
deep
Layer 6, 1004 cm
deep
Layer 6, 1004 cm
deep
Layer 6, 1004 cm
deep
Layer 6, 1026 cm
deep
Layer 7, 1160 cm
deep
Layer 7, 1160 cm
deep
Layer 7, 1160 cm
deep
Layer 7-8
boundary, 1355
cm deep
Layer 8, 1425
Tashuihe****

35.49

Tooth

AMS C14

BA121954

20,155 ± 45

Charcoal

AMS C14

BA10487

20,500 ± 100

Bone

AMS C14

BA10488

18,090 ± 70

Bone

AMS C14

BA121951

18,280 ± 45

Charcoal

AMS C14

BA101438

20,350 ± 90

Bone

AMS C14

BA121960

21,690 ± 80

Bone

AMS C14

BA101439

19,650 ± 80

Charcoal

AMS C14

BA101442

20,010 ± 70

Bone

AMS C14

BA101445

20,510 ± 90

Charcoal

AMS C14

BA101444

24,185 ± 90

113.2314

塔水河
Youfang*****
油房

40.2333

114.6833

layer (2.1 m)
layer (2.5 m)
layer (2.9 m)
upper layer of the
artifact horizon

Medium-grain
quartz
Medium-grain
quartz
Mediumgrain quartz
Fine-grain
quartz
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Conv. C14

26,165±1005

U-series

20,000±1000

OSL

L2304

26.6±2.1 kya

OSL

L2305

25.1±2.0 kya

OSL

L2306

29.2±2.0 kya

OSL

14±4 kya

Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Song et al.
(2017)
Du (2007b),
X.-X. Gao
(2011)
X.-X. Gao
(2011)
Nian et al.
(2014)
Nian et al.
(2014)
Nian et al.
(2014)
Nagatomo,
Shitaoka,
Namioka,
Sagawa, and
Wei (2009)

lower layer of the
artifact horizon

Xishi******
西施
Erdaoliang
二道梁
Dadiwan, Component
4
大地湾
PY-03

lower layer

Polymineral

OSL

14±3 kya

Fine-grain
quartz
Polymineral

OSL

16±3 kya

OSL

16.2±2 kya

AMS C14

~22,000

34.4441

113.2223

40.2244

114.6525

Charcoal (3
samples)
Bone

35.015

105.904

Charcoal

AMS C14

35.8

106.6

Charcoal

AMS C14

CAMS94203

18,085±235

Nagatomo et al.
(2009)
Nagatomo et al.
(2009)
Nagatomo et al.
(2009)
Y.-P. Wang and
Wang (2014)
G. Li (2008)

ca. 13-20 kya
(calibrated)

Bettinger et al.
(2010)

18,350±70

Ji et al. (2005)

Table 6.4 Chronometric dates of the sites associated with microblade technology dated to Phase I (>22 ky uncal. BP) and
Phase II (22-15 ky uncal. BP), see the map (Fig. 6.1)
Notes:
* The microcores are also identified as polar percussion cores (C. Chen & Zhang, 2017)
** There are many localities of the Xiachuan site. For convenience, I use one coordinate. SSY: Shanshanyan; SWP: Shunwangping.
*** The chronometric dates of microblade assemblages are 26-21 ky uncal. BP, and OSL samples are with fine-grain quartz (4-11μm)
(X.-Q. Wang & Zhang, 2016)
**** Outliers excluded.
***** There is no good study on the Tashuihe site, especially of its chronology, so this site is not mapped.
****** The chronometric dates of the Youfang site are 29-21 ky uncal. BP (Nian et al., 2014)
******* Supported by OSL dates (Y.-P. Wang & Wang, 2014)
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The hypothesis H6.05 is based on the assumption of human migration from the
Transbaikal or neighboring regions. Zhu (2008) stresses the viewpoint that
microlith/microblade technology was used to hunt mammoth and woolly rhinoceros
(Mammuthus-Coelodonta) fauna, so the people equipped with microblade technology
who lived in the southern Lake Baikal and Central Mongolia regions moved southward
over time (i.e., the human range contracted southward) to N. China following the
southward migration of big game. Kato (2015) proposes a similar idea, suggesting that
the residents in N. China adjusted the microblade technology to local raw materials. This
hypothesis is also based on the much earlier dates of the sites associated with microcores
in the “Southern Siberia Belt”. As noted above, the reliability of the early radiocarbon
dates in N. China has been questioned. The dates in S. Siberia and the Altai Mts. are
much earlier than those in N. China, but it is noted again that early dates in Siberia also
have been questioned by Goebel (2002). The single origin for microblade technology in
Siberia proposed by Yi et al. (2016) is also unconvincing, since the harsh environment
also appeared in N. China, thus requiring high mobility for foragers there. The techniques
used in microblade technology (core preparation, systematic knapping, soft hammer and
indirect/pressure flaking techniques) already present in N. China (see Table 6.5), though
more evidence is needed.
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Element of microblade
technology
Prismatic blade technology

Archaeological record and experimental
results
Present in the EUP localities at the
Shuidonggou site; it even could be traced to
Early Paleolithic sites in the Nihewan Basin,
and EUP Xujiayao site

Hou (2008), Jia
and Wei (1976)

Bifacially technique

Long-lasting technique in handax-making
and tool-retouch processes.
Both boat-shaped and wedge-shaped
microcores can be produced from flakes, and
the only requirement is to form a bottom
wedge to lead force from the striking point

The author’s
experiments

Soft hammer technology

Evdidence found at the MP/EUP Banjingzi
site in the Nihewan Basin

Y.-X. Li, Xie, and
Shi (1991)

Pressure techniques

Some tools’ cutting edges were carefully
retouched, which were unearthed from some
sites categorized into the small flakes
tradition sites, such as Tashuihe, Houhedong,
and Xujiayao, implying the existence of
pressure techniques during the EUP

Du (2007b), Jia
and Wei (1976),
H.-Y. Ren (2016)

Indirect techniques

May exist at the Salawusu and the
Houhedong EUP sites

Du (2007a), H.-Y.
Ren (2016)

Composite tool production

Some points at the Salawusu and Tshuihe
sites might be arrow tips;
Burins, drills, and points at the Xujiayao site
might be used for grooving

Z.-Y. Chen
(1989), Jia and
Wei (1976), J.-Z.
Liu (2004)

Microcore blank
preparation

Reference

Table 6.5 Elementary techniques of microblade technology in northern China

6.2.2 The Macroecological Approach
Until now, except for the culture-ecological approach adopted by S.-Q. Chen
(2008b), other researchers’ viewpoints, whether on a local or non-local origin of
microblade technology, all follow a culture-historical approach. Based on current
evidence, it is impossible to prove or falsify the local origin hypothesis. Using the S.
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Transbaikal / C. Mongolia origin as a null hypothesis (H 0 ), we can propose an alternative
hypothesis (H 1 ):

Hypothesis H6.06 – H6.07
H6.06 (H 0 ): Microblade technology in N. China was introduced from the S. Transbaikal
/ C. Mongolia.
H6.07 (H 1 ): Microblade technology in N. China originated locally.

I have proposed the viewpoint that the technological elements of microblade
production all had appeared in northern China before the appearance of microblade
technology. Now, in order to test the null hypothesis (H6.06), a macroecological
approach is applied along with a technological organization approach. The first question
is “was migration necessary for the people in the S. Transbaikal / C. Mongolia region
under LGM climatic conditions?” Fig. 6.1 shows the distribution of secondary biomass
during the LGM. It is reasonable to say that the most secure choice for the people in the S.
Transbaikal / C. Mongolia would be to stay in the Shilka and Argun River Basins on the
NE Mongolia Plateau (at the conjunction of Russia, Mongolia and China), rather than
move southward to N. China across the dry Gobi Desert in the southern Mongolian
Plateau. Microblade technology was designed for middle-size mammals, rather than for
megafaunal taxa (Mammuthus-Coelodonta), so it is unreasonable to assume that people
followed the migration routes of the giant animals during the LGM and post-LGM
Pleistocene. In fact, there is a possible route for human migration if we assume that
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prehistoric hunter-gatherers organized their lives based on the density and distribution of
medium-large ungulates (e.g., reindeer, horse, bison) along the Daxinganling Mts.
southward to the SE Mongolia Plateau (where the Nihewan Basin is located). However,
we need more archaeological evidence to test this hypothesis.
Assuming that there was no influx of people from the “Southern Siberia Belt”, could
the prehistoric foraging societies in N. China have needed to innovate their lithic
technology, including the pre-existing primary microblade technology, to successfully
adapt to the harsher MIS 2 glacial environment? The biggest difference in the distribution
of secondary biomass (EXPREY) between the modern and LGM climatic conditions is
the dramatic decrease in secondary biomass resulting in the appearance of a
horseshoe-shaped

region

surrounding

Hebei

Province,

which

matches

the

horseshoe-shaped distribution of microblade assemblage sites in the circum-Bo Sea
region as illustrated by Xie (2000). The five sub-regions along the horseshoe-shaped
semicircle can be cataloged into eastern and western parts, dominated by boat-shaped
microcores and wedge-shaped microcores (Table 6.6 and Fig. 6.2). This may suggest
different adaptations (the western interior region might favor wedge-shaped microcore
producing more successful microblades to deal with higher hunting pressure 1) or cultural
traditions, but we need more research to support this (or the alternative) hypothesis (S.-Q.
Chen, 2008b).

1

The viewpoint that using wedge-shaped microcores can produce more successful microblades remains a speculation,
which needs further experimental archaeological research to test.
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Sub-Region Geography

Microcore Types

Archaeological Sites

I

Zone from Bo Sea
to the Huailai
Basin

Dominated by boat-shaped
microcores

E. Hebei, such as
Guanting, Mengjiaquan,
Tingsijian, Donghuishan,
and Suogezhuang

II

The Nihewan
Basin and the
Yanbei Rgion (N.
Shanxi)

Dominated by wedge-shaped
microcores

The Nihewan Basin:
Youfang, Jijitan,
Hutouliang
Yanbei: Xiage, Yu’erjian,
Nanmo, and Yaozitou

III

SW Shanxi

Various types of microcores

Xiachuan, Xueguan,
Dingcun, Loc. 77:01,
Shizitan

IV

Huang-huai Plain

Dominated by wedge-shaped
microcores. Wedge-shaped, conical,
and prismatic microcores were
found during archaeological survey.

Lingjing

V

N. Jiangsu & S.
Shandong, Yi
&Shu River as its
center

Dominated by boat-shaped
microcores, with various microcore
types, such as boat-shaped,
wedge-shaped, conical,
semi-conical, and prismatic
microcores.

About 100 localities

Table 6.6 Five sub-regions associated with microblade assemblages in N. China
dated to Late Pleistocene (summarized from Xie, 2000)

The horseshoe-shaped distribution of microblade assemblages illustrated by Fei Xie
(2000) matches the one in the EXPREY map under LGM climatic conditions (Fig. 6.2),
the latter map also showing a horseshoe-shaped pattern centered on the North China Plain.
Although more sites now under thick loess deposits (i.e., sites dating to the early
Holocene) might be discovered on the North China Plain in the future, the geographic
match between the two horseshoe-shaped distributions suggests that microblade
technology can be seen as technological adaptation for the higher density of secondary
biomass during the glacial period. Although some sites are dated to the Terminal
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Pleistocene, this implies that more sites dating to the LGM might be discovered in the
future in these subregions. It is reasonable to infer that, during the LGM, a
paleoecological system formed in N. China, within which microblade-based societies
could flourish. Thus, it is unnecessary to use the model of human migration from S.
Transbaikal / C. Mongolia under the aegis of the “refugium model” to explain the
emergence of microblade technology and microblade-based societies in N. China,
although there might have been some migrations and cultural transmissions during the
end of MIS 3 and beginning of MIS 2. Bifacially-prepared microcores might represent an
adaptation to higher-risk environments in the higher latitudes. As mentioned in Chapter 2,
this kind of core could allow for the production of more standardized microblades (such
as at the Hutouliang site in the Nihewan Basin) (Zhu, 2006; Zhu & Gao, 2007). This
adaptation lasted a long time until the Terminal Pleistocene, due to its greater potential
for successfully producing microblades. Other people adopted the boat-shaped microcore
method to produce microblades (such as the Erdaoliang site in the Nihewan Basin).

6.3 Summary
In this chapter, the hypothetical “refugium model” is tested through two case studies
in two different latitude zones. In fact, several habitats could be proposed as “refugia” in
NE Asia during the LGM, such as the Hanamuro River Basin near Tokyo (Momohara,
Yoshida, Kudo, Nishiuchi, & Okitsu, 2016), and southern Kyushu (Aikens & Akazawa,
1996). I only discussed Transbaikal, PSHK, and N. China and used two case studies to
test the “refugium model”; other regions could have been included. The word “refugium”
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should be seen as an ecological term, but it is misused by some archaeologists to study
human migration in terms of “shelter”. The macroecological approach provided us with
another picture, especially the map of secondary biomass under LGM climatic conditions.
The PSHK did not possess good habitats for terrestrial plants and animals, so it could not
be regarded as an LGM refugium for humans. The appearance of microblade technology
might have resulted from a more complicated cultural process. Similarly, the appearance
of LUP assemblages as an emergent event (rather than as an historical event) might be a
consequence of cultural change, technological innovation, and human social network, and
cannot simply be explained as recolonization. It is also unnecessary to explain the origin
of microblade technology in N. China as the result of human migration from southern
Siberia. To sum up, the macroecological approach opens a new window for
archaeologists to rethink the origin and spread of microblade technology.
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CHAPTER 7
Cultural Process among Microblade-based Societies in NE Asia II:
Understanding Cultural Change during the Pleistocene-Holocene
Transition

This chapter focuses on cultural change during the Pleistocene-Holocene transition
in NE Asia, based on four case studies: the Japanese Archipelago, E. Siberia, N. China,
and the Tibetan Plateau. This period witnessed environmental amelioration from cold,
dry LGM climatic conditions to much warmer, wetter early Holocene ones. The
post-LGM terminal Pleistocene (specifically the Bölling/Alleröd interstadial: Greenland
Interstadial 1e-a) saw recovery of monsoons, currents, and revegetation, rise of sea level,
and thawing of the permafrost at high latitudes and altitudes, which also happened in NE
Asia (C.-C. Huang, 1998; Madsen, Chen, and Gao, 2011; Morisaki, Izuho, and Sato,
2018; Y.-J. Wang et al., 2001). This time range also saw changes in human landscape use
and eventually recolonization of the north by foraging societies from their LGM refugia
(if there were any). The climatic transition created new habitats, in which
microblade-based societies could be expected to have experienced processes of dramatic
divergence in terms of technology, social organization, and perhaps ideology. The
cultural changes during the transition (Phases II, III, and IV) can be seen as a
niche-filling process – human (re-)occupied new frontiers, including the former semi-arid
region, interior inland, high-latitude subarctic and arctic, and finally, eastern Beringia and
the Tibetan Plateau.
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The most prominent cultural changes across the Pleistocene-Holocene transition
were abandonment of the many millennia-long foraging subsistence base, establishment
of farminng in some regions and the formation of intensified hunting-gathering societies
in others.

In the end, most regions of the Earth, including NE Asia, were ultimately

occupied by populations based on food production economies – agriculture, horticulture,
and/or pastoralism. This process can be generally discribed as Neolithization. Melinda
Zeder (2009:13) summarized ten key features of Neolithic life according to Gordon
Childe’s scheme of the Neolithic bauplan, including (1) an agricultural economy based
on domesticated plants and animals, (2) exponential population growth, (3) storage of
surpluses and

systems of delayed return of productive resources, (4) sedentism, (5)

trade networks focusing on nonessential items, (6) decentralized social mechanisms for
the coordination of collective activities, (7) associated and enabling magico-religious
traditions that focus on promotion of fertility, (8) ground stone implements, (9) pottery,
and (10) weaving implements like spindle whorls. The appearance of these key features
can be regarded archeologically as the signs of Neolithization, and most of them can be
found in NE Asian archaeological record dated during the time of the Pleistocene to
Holocene transition. However, the archaeological record also suggests that significant
inter-regional variability of cultural changes existed during the Pleistocene to Holocene
transition in NE Asia. Both the Japanese Archipelago and Eastern Siberia display
Mesolithic-like adaptations; N. China shows a complete transition from foraging to
farming societies; and the Tibetan Plateau offers an example of long-lasting
hunting-gathering economy, with the spread of food production occurring only during
the middle Holocene.
178

Zeder (2009) provides an effective method with which to synthesize the trajectories
of formation of Neolithic lifeways in the Near East. Limited by accessible and available
data, this dissertation mainly investigates several key features mentioned in her paper,
including sedentism (suggested by the presence of dwellings), ground stone implements,
and pottery. These kinds of archaeological evidence all suggest reduced- mobile lifeways.
It is noted that microblade technology as a marker of high mobility lasted a long time, in
some regions even to Late Holocene. The coexistence of microblade technology and
technologies linked to sedentism seems to suggest complexity of social organization
among both hunter-gatherers and early farmers. This dissertation follows the assumption
mentioned in Chapter 2, namely the appearance of a technology is an emergent process.
This idea also applies to technologies of dwelling-construction, ground stone
manufacture, and pottery-making. Assuming that human motivation and agency are
constants after realizing the property of transformation of clay into ceramics after being
fired (partly supported by evidence of fired-clay figurine making in Central Europe
during the Upper Paleolithic), the question becomes the necessity of pottery- adoption as
a part of the cultural systems of prehistoric foraging societies. This argument also works
for dwelling construction and ground stone making.
world region where the earliest ceramic vessel
by Upper Paleolithic

hunter-gatherer

Northeast and East

Asia is

the

technology was developed, and this was

societies, including those of the

Japanese

Archipelago, the Russian Far East, and southern China (Kaner, 2009; Wu et al., 2012;
Zhushchikhovskaya, 2009). The prehistoric hunter-gatherers in these regions without
exception all adopted intensified hunting-gathering subsistence systems, especially
adding more plant and/or aquatic resources into their once more mammal
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meat-dominated diets.
Different from the macroevolutionary approach adopted by Zeder (2009), the case
studies in this chapter employ the macroecological approach to study cultural change
among microblade-based societies in NE Asia during the Pleistocene-Holocene transition.
Due to the limits posed by the available and accessible literature, this dissertation can
only provide “rough sketch” studies of microblade-based societies, and some sites might
be ignored in each case. First, two regions outside of China are studied based on
published, English-language literature: the Japanese Archipelago and E. Siberia. The
foragers in both areas increased the use of aquatic resources, developed ceramic
manufacture, and created Mesolithic-like adaptations before the transition to the
Neolithic. Then, cultural change in northern China will be fully discussed, showing how
foraging societies experienced a transition from an unpacked population condition and
terrestrial animal-dependent subsistence to a packed population condition and
plant-dependent subsistence, and the decline of microblade technology during the
Pleistocene-Holocene transition. Finally, microblade-based societies on the Tibetan
Plateau are examined, focusing on how prehistoric foragers expanded their territory from
its edge to its interior, and adopted agriculture in the end. Relying on maps of
hunter-gatherers lifeways based on the variables introduced in Chapters 5, this chapter
shows the potential of a macroecological approach to answer big archaeological
questions about cultural change under conditions of dramatic environmental change.
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7.1 Rise of Jomon: from the Paleo-Honshu Island to the PSHK Peninsula
7.1.1 The “Jomon Revolution”
The Jomon culture in Japan is well known for its ceramic technology millennia
before agriculture was introduced from mainland Asia during the Yayoi period. Jomon
can be divided into six phases: Incipient (13,600-9,200 BC), Initial (9,200-5300 BC),
Early (5,300-3,500 BC), Middle (3,500-2,500 BC), Late (2,500-1200 BC), and Final
(1,200-900 BC) phases, lasting a total of about 12,700 years 1 (Kobayashi, 2004: Fig. 1.2).
The archaeological record suggests direct continuity from the late Paleolithic to the
pottery-using Jomon. Tatsuo Kobayashi (2004) names the cultural change during
Pleistocene to Holocene transition in the Japanese Archipelago as the “Jomon revolution”
in his book, Jomon Reflection, citing V. Gordon Childe’s idea on the invention of pottery
as representing the first deliberate use of chemical transformation by humankind (now
partly outmoded by what is known of older loess-firing in the Pavlovian, as well as the
Upper Paleolithic manipulation of iron oxide ochres). Kobayashi noticed that the Jomon
revolution arose from several phases of intervention and interaction between the
archipelago and the Asian mainland, and mentioned two possible routes of cultural trait
transmission: from eastern Siberia into Hokkaido via a glacial-age land bridge, and from
the Korean peninsula into Kyushu across the then-narrowed Tsushima Strait. So,
Kobayashi adopted a wise research strategy, leaving several options open to interpret the
origin of pottery technology on the Japanese Archipelago. In fact, Japan possesses some
of the earliest pottery-making evidence in NE Asia besides S. China and Siberia, and they
1

All calibrated dates.
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share the same general time range (post-LGM Pleistocene). Kobayashi also noticed a
coincidence between the incipient phase of pottery-making and the trend from mobility to
semi-sedentism, and argued that “the ability to process and eat plant foods was an
important factor in the development of the increasingly sedentary lifestyles of Jomon
Japan” (Kobayashi, 2004: 16). The two conditions for the invention of pottery were
proposed by Kobayashi. First, the presence of the technological basis for pottery
manufacture should have been noticed by Upper Paleolithic hunter-gatherers, if we
assume that the foraging societies in NE Asia possessed similar knowledge of storage in
the form of the ceramic-making with the people living at the Gravettian Dolní
Vĕstonice-Pavlov sites in the Czech Republic (who only used firing technology for clay
figurine manufacture) (see Gamble, 1999: 402-404). The second condition – the
perceived need to make pottery – is a culturally adaptive factor, which needs to be
investigated against background of the Pleistocene-Holocene transition. During the
Incipient Jomon phase, on the four main islands of Japanese Archipelago, only Hokkaido
was lacking pottery, while three types of pottery with chronological meaning, including
Linear relief ware (ryusenmon), Nail impressed ware (tsumegatamon) / Pitted ware
(enkomon), and Cord marked wares (tajomon), are distributed in Kyushu, Chugoku, and
Honshu. Thus, a research question arises: why did early pottery appear in central and
southern Japan (Paleo-Honshu), rather than in the northern island of Hokkaido and the
PSHK?
As early as the 1990s, Aikens and Akazawa (1996) had noticed the south-north trend
in early pottery, which is summarized in Table 7.1. Until the 2010s, a series of
discoveries in the sites associated with pottery changed our interpretation of the origin of
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pottery technology, especially Kubodera Minami (15.3-14.2 ky cal. BP), and Seiko Sanso
B (14.1-13.9 ky cal. BP) in Central Honshu (Craig et al., 2013). Thus, the Paleo-Honshu
Island can be seen as the place of origin of pottery technology in the Japanese
Archipelago. Craig et al. (2013) note that the use of early pottery during the Incipient
Jomon helped Late Glacial foragers to exploit productive aquatic ecotones.

Archaeological
Site
YubetsuIchikawa

Geography

Aomori
prefecture

Northern tip
of Honshu

8,600

Natsushhima

Tokyo Bay

9,500

Not found

A level slightly above
(later than 9,500 BP)
contains the earliest
pottery

Kamikuroiwa
Rock Shelter

Island of
Shikoku

12,200
9th layer:
charcoal,
12,165±600 BP
(I-944)
6th layer,
charcoal,
10,085±320 BP
(I-943)

Not found

The earliest pottery
discovered in the north of
Fukui Cave
9th layer: pottery with
ridged bands round the
neck slightly finer than
those of the pottery found
at Fukui Cave.
6th layer: plain pottery and
a small (about 1 cm)
equilaterally triangular
flint arrowhead were
excavated

Fukui Cave

Southern
Island of
Kyushu

12,700
3rd layer:
charcoal,
12,700±500
C14 BP
(Gak-950)

Wedge-shaped
microcores,
microblades

The first potsherds

Hokkaido

Age (uncal.
BP)
~8,500-7,000

Blade/Microblade
products
Blade technology

Pottery
The earliest Jomon pottery
in Hokkaido
Soil layer contains the
earliest pottery

Table 7.1 Several sites associated with the earliest ceramics, according to Aikens
and Akazawa (1996) and Esaka (1980)
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During the “Jomon revolution”, prehistoric foragers on the Japanese Archipelago
were equipped with microblade technologies. However, during the LGM, they could
already be categorized as microblade-based societies, since microblade assemblages
dominated the lithic industries across Japanese Archipelago, from the PSHK Peninsula
to the southern tip of the Paleo-Honshu Island. There were difference, expressed as
types of microblade production techniques: the PSHK Peninsula was dominated by the
Yubetsu method (System A), while the Paleo-Honshu Island was dominated by
non-Yubetsu methods (System B), each one with sub-techniques and core types.
However, both of them represent high-mobility lifeways during the glacial age, and in
this project, the difference is not the main factor to study cultural variation and change
among the microblade-based societies. During the “Jomon revolution”, the intriguing
change is the rise of Jomon pottery indicating sedentary lifeways, and the decline of
microblade technology which had implied highly mobile lifeways. Microblade
technology, in terms of weaponry for hunting, was also replaced by flake-based chipped
points or bifacial points. Morisaki et al. (2018: Fig.6.4) created a comprehensive
temporo-spatial framework using a broad range of diagnostic artifacts (microblade
technology, flake technology, pottery technology) and features (cave and pit dwellings)
based on 74 assemblages from 66 archaeological sites across the Japanese archipelago
(except the Ryukyu Islands), which is shown in modified form in Table 7.2 to make it
easier to read.
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ka cal BP

19

18.5

18

17.5

Younger Dryas
(12.8-11.5)

Bölling/Alleröd
(14.7-12.8)

Late Pleniglacial (19.0-14.7)

Chronology

17
16.5
16
15.5
15
MICROBLADE & BIFACE & BLADE & FLAKE
microblade

14.5

14

13.5

13

12.5

Preboreal (11.5-9)

12

11.5

11

10.5

10

9.5

chipped point
stemmed point

Hokkaido

?

bifacial point
pot
pit dwelling
FLAKE

pot
MICROBLADE (WEDGE)

MICROBLADE (PRISM)

BIFACE & FLAKE

microblade
chipped arrowhead

Tohoku

stem. pt ?
bifacial point ?

bifacial point

bifacial point ?
pot

cave ?
MICROBLADE (& FLAKE)

pit dwelling

MICROBLADE (BOAT & WEDGE)
BIFACIAL &BLADE
microblade

FLAKE

chipped arrowhead

Kanto/Chubu

stemmed point
bifacial point

bifacial point ?

pot

pot ?
cave & pit dwelling ?

cave & pit dwelling

MICROBLADE & FLAKE
microblade

FLAKE
chipped arrowhead

Kinki/Chugoku/
Shikoku

stemmed point
bifacial point

bifacial point ?

pot
MICROBLADE (PRISM)
microblade

cave dwelling ?
MICROBLADE (WEDGE) & FLAKE
mb?

N. Kyushu

pit dwelling
FLAKE

pit d ?

chipped arrowhead
pot
BLADE & FLAKE
Backed point
Trapezoid

cave ?
MICROBLADE & FLAKE

S. Kyushu

pit dwelling
FLAKE

Microblade
chipped arrowhead & ground arrowhead
pot
pit dwelling

Table 7.2 Variation and change in lithic, pottery, and dwelling building technologies on the Japanese archipelago, 19-9 ky
cal. BP (redrawn from Morisaki et al., 2018: Fig. 6.4).
Note: The illustration is with a resolution of 500 years, making the beginning and ending ages indistinctive, so I highly recommend
readers check the original figure if they need a higher resolution picture.
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The temporo-spatial framework of the archaeological record pertaining to the
post-LGM Pleistocene clearly shows several patterns of prehistoric cultures in the
Japanese Archipelago: (i) the disappearance of microblade technology is almost
coincident with the first use of pottery, though in some regions the two co-existed; (ii)
in some regions, microblade technology was replaced by flake technology, though the
two technologies also co-existed a long time; (iii) the beginning of pottery use was
earlier than the age of pit dwelling; and (iv) during the Bölling/Alleröd interstadial
warming period, pottery technology was finally adopted by the foraging societies in
Hokkaido, but then they gave it up 1. Differences between LUP and Incipient Jomon
can be summarized below (Table 7.3):

Dominant lithic
technology
Pottery technology
Settlement

Late Upper Paleolithic
Microblade technology

Incipient Jomon
Flake technology

Not adopted
Cave and open air tent

Adopted
Pit dwelling

Table 7.3 A comparison between the LUP and Incipient Jomon

According to our knowledge of Paleolithic and Mesolithic prehistory in Europe,
the transition from the LUP to Incipient Jomon can be seen as a progression parallel
to Europe’s Magdalenian to Mesolithic cultural evolution. The adoption of
flake-based points shows a similar pattern in the Epipaleolithic industries in Europe
(e.g., the Azilian in SW Europe) which is often characterized by significant reliance
on flake technology (Straus, 2002). During the Paleolithic-Holocene transition, under
hunting pressure, large, highly mobile herds of ungulates became more scarce, forcing
people to concentrate more on small, less mobile, forest-adapted game, and their
subsistence became increasingly dependent on plant and aquatic foods. Meanwhile,
1

Reasons need further investigation.
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the open landscape during the late Pleniglacial became closed during the
Bölling/Alleröd interstadial, and the revegetation and reforestation might favor bow
and arrow weaponry which possesses higher accuracy than darts equipped with
microblades. A similar cultural adaptation also appeared in the terminal Pleistocene
Japanese Archipelago, especially in Paleo-Honshu, where people abandoned their
microblade technology and turned to flaked-based points. They also adopted pottery
technology to adapt a more sedentary lifeway in closed landscape (Kudo & Kumon,
2012; Sato, Izuho, & Morisaki, 2011). As diagnostic indicators of sedentism, the
adoption of pottery and development of pit dwellings suggests that hunter-gatherers
began to give up the high-mobility lifeway that had prevailed since the beginning of
MIS 2.

7.1.2 A Macroecological Approach
A macroecological approach provides a new perspective to study cultural
change during the Pleistocene-Holocene transition. It seeks to answer the following
two questions: (i) what factors transformed the cultural system from highly mobile
microblade-based societies to sedentary hunter-gatherers associated with pottery and
pit-dwelling (Incipient Jomon), and (ii) how to explain the lag in cultural change in
Hokkaido in the “Jomon revolution”?
During the early Holocene, effective temperature increased from the time of the
LGM (Fig. 7.1). Northern Honshu and Hokkaido witnessed the most dramatic
increase in effective temperature. The S. Paleo-Honshu Islands possessed ET values
between the storage and terrestrial plant thresholds, suggesting that prehistoric
hunter-gatherers could survive based on terrestrial plant resources with the aid of
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storage during the LGM. Growing season length also increased after MIS 2, and the
7-month line reached the northern tip of Honshu (Fig. 7.2). Higher effective
temperature and a longer growing season provided a much more favorable
environment for plants, animals and humans.
Climatic amelioration also brought higher net above-ground productivity and
primary biomass, as well as secondary biomass. Comparing with the same latitudes on
the Asian mainland, Japan possesses higher net above-ground productivity and
primary biomass (Fig. 7.3, Fig. 7.4), but much lower secondary biomass especially vis
à vis the rich SW-NE band on the mainland of NE Asia (Fig. 7.5). In addition, during
MIS 2, some large/very large animals went extinct, including Palaeoloxodon naumani,
Sinomegaceros yabei, Bison priscus, Bos primigenius, and Cervus kazusensis. Others
were extirpated on the Paleo-Honshu Island: Panthera pardus, Ursus arctos, and
Alces alces (Kawamura & Nakagawa, 2012). Although some of them were not prey of
prehistoric microblade-based societies, over-exploitation of those that were hunted
might have been an essential factor leading to the dramatic decrease in the richness of
secondary biomass on the Japanese Archipelago. Thus, even the map of secondary
biomass under modern climatic conditions provides archaeologists a picture of higher
values during the interglacial age (early Holocene), while the secondary biomass
might have been much less than the LGM period. One consequence of decreased
secondary biomass is the degradation of human trophic level, from large-size
mammals to small-size ones, and from terrestrial animals to plants.
In the Minimalist Terrestrial Model, some hunter-gatherers living in the zone
under the terrestrial plant threshold adopted either a mixed economy of hunting and
gathering or gathering as a subsistence specialization during the early Holocene (Fig.
7.6). But based on the ethnographic projections, under LGM climatic conditions – no
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matter how high ET is – most of hunter-gatherers living on the coast are expected to
turn from a hunting-biased economy in the Minimalist Terrestrial Model to a
fishing-biased economy under the ethnographic projections (Fig. 7.7). Under modern
climatic conditions (early Holocene), more hunters would turn to fishing, except some
groups living in mountain regions. Taking into consideration mammal extinction
events, most hunters near waterbodies are expected to turn to aquatic resource
exploitation.
Subsistence specialization can also be investigated in the Growth Rate Model.
The maps in Figures 7.8 show that if hunter-gatherers on the Japanese Archipelago
get packed, all of those specializing in hunting should turn to aquatic resources or to
terrestrial plants (only six weather stations with ET 12.75-15.25°C, with the aid of
storage). Thus, if the archipelago gets packed during the Holocene, subsistence would
be dominated by aquatic resource exploitation, mainly fishing. A few mountain
regions would be dominated by terrestrial plant use, and almost no group would be
mainly dependent on terrestrial animal hunting. It seems to suggest that the
disappearance of hunting results from population pressure, under the conditions of
which people turned to gathering and fishing as a higher percentage of their overall
subsistence.
To test the hypothesis of packing, a projection of population density is shown in
Figure 7.9, suggesting that under modern climatic conditions (early Holocene), the
Japanese Archipelago displayed high population density (>9.098 persons/100 km2),
higher than the terrestrial plant packing threshold. Under LGM climatic conditions,
most of the regions are unpacked, which matches the distribution of microblade
assemblages (it is noted that the PSHK had a lower population density, which might
favor use of the Yubetsu core technique to reliably produce microblades). If
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population gets packed, there is no space to practice highly mobile lifeways, and
foragers are expected to settle down, using terrestrial plant or aquatic resources. As
shown in the above maps, rich aquatic resources would be expected to support the
high-density population on the archipelago.
The maps for the macroecological approach for the Japanese Archipelago under
both glacial and interglacial climatic conditions suggest the coexistence of sedentism
and aquatic resource use in the coastal areas. Taking into consideration the fragility of
pottery and its use in cooking, it is reasonable to build an equation between the
adoption of ceramic technology and at least a certain degree of (or partial) sedentism.
The three main defining aspects of the Incipient Jomon – pottery technology, aquatic
resource exploitation, and sedentism – are coherent. Meanwhile, the technologies – as
a cultural adaptation designed for highly mobile life – especially microblade
technology, disappeared from the stage of prehistory. In the Japanese Archipelago,
microblade technology disappeared from Paleo-Honshu first, and then Hokkaido (the
PSHK) (Aikens & Akazawa, 1996; Morisaki et al., 2018). The lag in cultural change
on Hokkaido may have resulted from prehistoric hunter-gatherers living in a region
with relatively lower primary biomass (because of lower ET and shorter growing
season) and a relatively higher percentage of dependence on terrestrial animals (see
the map in the Minimalist Terrestrial Model) than those living in Paleo-Honshu. After
the Younger Dryas (a period with little archaeological evidence), people adopted a
mixed lithic technology (microblade, blade, and flake) and pottery technology (Table
7.2), so the lag of cultural change needs to be considered in another background (in
the next case study), in the high latitude zone. The different cultural changes in
Paleo-Honshu and PSHK seem to suggest that the dynamics behind the “Jomon
revolution” are associated with the ecological background (forest/steppe), the
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technologies designed for specific resources (terrestrial/aquatic, animal/plant,
big/small size), and the landscape (open/closed). Human migration and cultural
diffusion can be seen as a part of adaptation for fluctuation of the distribution and
density of resources, rather than being seen as direct explanations of cultural change.
In addition, the results of the macroecological approach also match the difference
of lithic technological organization in the Paleo-Honshu Island during the early
Incipient Jomon. According to Sato et al. (2011), prehistoric hunter-gathers in the NE
section of Paleo-Honshu employed very costly, but highly curated technology to make
bifaces, while those in the SW sector of the island used relatively less standardized
and less specialized flexible technologies than their companions in the NE. Sato and
his colleagues attribute the difference to paleoecological conditions, arguing that
warmer, more stable climate, and earlier growing plant foods led the hunter-gatherers
in SW Paleo-Honshu to adopt non-specialized and flexible technologies, while those
in the NE sector of the island should have specialized and curated technologies in
order to exploit scarce food resources. It is noted that because of the preservation
issue, evidence of aquatic resource use including fishing activities is scarce, but they
should have been important elements of subsistence of Incipient Jomon.
Archaeologists need to develop techniques to identify and more accurately assess the
role in the archaeological record of aquatic resource exploitation.
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7.2 Cultural Change in Eastern Siberia and Its Neighbors: The Rise of a
Mesolithic Adaptation
7.2.1 The Temporo-Spatial Framework of Archaeological Cultures in Eastern Siberia
and Its Neighbors
Sites dated to the Pleistocene-Holocene transition in eastern Siberia have been
attracting the attention of archaeologists in recent years. Ineshin and Teten’kin (2011)
proposed four reasons why archaeologists are interested in this archaeological record,
including the establishment of local cultural sequences, study of cultural adaptations
in the dynamic climate and landscapes of the Late Quaternary, more precise and
reliable chronological dates, and the study of the peopling of Beringia and the
Americas. Meanwhile, recent excavations of several sites in NE China also provide
artifacts (e.g., microblades and pottery) similar to those of Eastern Siberia, including
the

Shuangta

and

Houtaomuga

sites,

both

dated

to

the

time

of

the

Pleistocene-Holocene transition (Kunikita, Wang, Onuki, Sato, & Matsuzaki, 2017).
The sites located in NE China also are categorized as hunting-fishing Neolithic sites
(B.-F. Zhao, 2007), sharing aspects of the Mesolithic-like subsistence in eastern
Siberia. The difficulty of developing a macroecological framework for eastern Siberia
and its neighbors is the frequent inaccessibility of the archaeological record. Many of
the published papers in English and Chinese only provide biased and incomplete
views of cultural change, taking into consideration the fact that most original reports
are in Russian and not readily available. However, based on published papers, we can
obtain a basic picture of cultural change among foraging societies, especially changes
in the cultural adaptation of microblade-societies during the climate amelioration of
the Pleistocene-Holocene transition.
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The prehistory of E. Siberia during the post-LGM Terminal Pleistocene and
Early and Middle Holocene can be divided into three periods: Late Upper Paleolithic,
Mesolithic (also named Final Paleolithic), and Neolithic. It is noted that the Neolithic
in the Primor’e and Priamur’e regions is characterized by a developed lithic industry
including abrasive and bifacial retouching techniques (in some regions, replacing
microblade technology), widespread ceramic technology, the appearance of primitive
textile technology (Zhushchikhovskaya, 2009: 129), and polished tools (Slobodin,
1999). These four characteristics are found consistently in eastern Siberia, although
there are regional variations; for example, the Neolithic traditions in Yakutia region
are characterized by the spread of pressure-produced blades (Gómez Coutouly, 2016).
This dissertation, only concerns archaeological sites dated to ≥15-13 ky uncal. BP and
13-6 ky uncal. BP, i.e., the LUP and Mesolithic.
According to Graf and Buvit’s (2017) viewpoint, central and eastern Siberia
experienced a human recolonization process after the LGM, which is supported by a
general time-transgressive pattern from south to north. They also argue for the
viewpoint that humans returned to the region from southerly LGM refugia. However,
this dissertation tends to support a more complex explanation of cultural processes
prior to and during the LGM, rather than human migration in and out of LGM refugia
(see Chapter 7). Nevertheless, I agree with their summary of lithic technologies and
land-use strategies of the people using LUP industries dated to the LGM and Late
Glacial (25-12 ky cal. BP). They describe:
– “Blade and flake lithic technologies; wedge-shaped microblade core
technology and slotted microblade-osseous composite projectile points; osseous
sewing technologies”, and
– “Uniform site types (base camps), behaviors geared toward economizing lithic
raw materials and maximizing tool cutting edges suggests a residential-mobility
strategy.” (Graf & Buvit, 2017: Table 2)
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Kuzmin and Orlova (1998) note the domination of microblade technology in Siberia
ca. 20-11 ky uncal. BP, name the prehistory of Siberia between 12 ky uncal. BP and 6
ky uncal. BP as the Final Paleolithic or Mesolithic, and stress that the
Paleolithic-Neolithic transition occurred ca. 13-6 ky uncal. BP. Thus, regardless of the
viewpoint on abandonment or a long standstill in Siberia during the LGM, these
divergent researchers have a common view on the archaeological phases of
archaeological record dated to the post-LGM.
In addition to the continuing use of microblade technology among foraging
societies specializing in hunting and/or aquatic exploitation, a notable new trend of
cultural change during the Pleistocene to Holocene transition in E. Siberia and its
neighboring regions (NE China and C. Siberia) was the adoption of pottery
technology. I adopt the term “Mesolithic” to describe technologies and lifeways of
foraging societies in this region during the Paleolithic-Neolithic transition, since the
real (i.e., agricultural) Neolithic did not really happen in E. Siberia. Other Neolithic
traits including pottery appeared early and lasted a long time, and people adopted
aquatic resource exploitation, all of which match the basic characteristics of the
Mesolithic in NW. Europe. The sites associated with early pottery are listed in Table
7.4 and mapped in Figure 7.10.
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Site

Latitude

Longitude

Region

Khummi
(Khummy)

50.56

137.1

Russian Far
East

Gasya

Goncharka 1

48.75

48.3292

135.6

134.8708

Layer or
feature
Lower layer

Material

Method

Lab. No.

Dates

Reference

charcoal

C14

AA-13392

13,260±100

Lower layer

charcoal

C14

SOAN-3583

12,485±850

Lower layer

charcoal

C14

AA-13391

10,345±110

charcoal

C14

LE-1781

12,960±120

Lower part of
the lower
layer

charcoal

C14

upper
part of layer

charcoal

C14

AA-13393

10,875±90

charcoal

C14

LLNL-102169

12,500±60

MTC-05937

10,000–8,000
BP,
provisionally
12,380±70

Kuzmin, Jull,
Lapshina, and
Medvedev (1997)
Kuzmin and
Orlova (1998)
Kuzmin et al.
(1997)
Okladnikov and
Medvedev (1983)
Zhushchikhovska
ya (2009: Table
3.2), Kuzmin et
al. (1997)
Zhushchikhovska
ya (2009: Table
3.2)
Shevkomud
(1997)
Zhushchikhovska
ya (2009: Table
3.2)
Nesterov,
Sakamoto,
Imanura, and
Kuzmin (2006)
Zhushchikhovska
ya (2009: Table
3.2)

Russian Far
East

Russian Far
East
Lower layer

Gromatukha

51.73

128.88

Russian Far
East

Lower layer

Chernigovka-1

44.28

132.58

Russian Far
East

Lower layer

Ustinovka-3

44.26

135.15

Russian Far
East

Lower layer

12,480±120

C14

charcoal

C14

micro-testing of
organic matter
from ceramic
samples
micro-testing of
organic matter
from ceramic
samples
dating of
ceramic samples

C14

14,510±240 –
8,770±60

AMS C14

10,770±75 –
7,475±65

Zhushchikhovska
ya (2009: Table
3.2)

9,360±30

Zhushchikhovska
ya (2009: Table
3.2)
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AMS C14

unknown

Ust-Karenga 12

54.47

116.52

Transbaikal

Studenoe 1
(Studenoye 1)

50.17

108.5

Transbaikal

Ust-Menza 1

Houtaomuga*

50.28

45.6667

108.47

123

Layer 7

charcoal

AMS C14

GIN-8066

11,240±80

Layer 7

charcoal
adhesion

AMS C14
AMS C14

GIN-8067
TKa-15554

10,760±60
11,960±80

charcoal

C14

AA-33040

11,995±150

adhesion

AMS C14

MTC-16736

11,730±60

adhesion

AMS C14

MTC-16738

11,550±50

layer 14

Charcoal

C14

GIN-7161

11,820 ±120

layer 13

Charcoal

C14

GIN-5503

11,350±250

2012, AIII
area, pit 146
2011, AIII
area, cultural
layer: T1006
grid, 3rd layer
2012, AIII
area, ditch 22

potsherd, clay

AMS C14

MTC-17581

10,550±50

potsherd, clay

AMS C14

MTC-17582

10,460±50

charred residues
and clay (inner,
rim)
charred residues
(outer, rim)
charred residues
(inner)
charred residues
(outer, bottom)
charred residues
(inner, rim)
charred residues
(outer, rim)
charred residues
(outer, rim)

AMS C14

MTC-17584

10,820±130

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17751

10,510±50

AMS C14

MTC-17750

10,500±60

AMS C14

MTC-17749

10,490±60

AMS C14

MTC-17587

10,430±50

AMS C14

MTC-17586

10,300±50

AMS C14

MTC-17748

10,210±60

Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)

Transbaikal

Song-Nen Plain

2012, AIII
area, ditch 21
2012, AIII
area, ditch 21
2012, AIII
area, ditch 21
2012, AIII
area, ditch 22
2012, AIII
area, ditch 22
2012, AIII
area, pit 233
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Kuzmin and
Vetrov (2007),
Vetrov (1995)
Vetrov (1995)
Razgildeeva,
Kunikita, and
Yanshina (2013)
Buvit, Waters,
Konstantinov, and
Konstantinov
(2003)
Razgildeeva et al.
(2013)
Razgildeeva et al.
(2013)
Konstantinov
(1994)
Konstantinov
(1994)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)

2012, AIII
area, pit 233
2012, AIII
area, pit 189
2012, AIII
area, pit 189
2012, AⅢ
area, ditch 22
2012, AIII
area, ditch 22
2012, AIII
area, ditch 22
2012, AIII
area, ditch 22

Shuangta**

45.3946

122.9519

Song-Nen Plain

2012, AIII
area, ditch 21
(lower layer)
2012, AIII
area, ditch 21
(lower layer)
2012, AIII
area, ditch 21
(lower layer)
2012, AIII
area, ditch 21
(upper layer)
2007, II area,
cultural layer:
T414 grid, 1st
layer
2007, II area,
cultural layer:
T406 grid,
2nd layer:4
2007, II area,:
deposit of
potsherd 1:2

charred residues
(outer, rim)
charred residues
(outer,
rim-body)
charred residues
(outer)
charred residues
(outer, body)
bone (catfish)

AMS C14

MTC-17583

10,060±50

AMS C14

MTC-17747

10,330±60

AMS C14

MTC-17585

9,900±50

AMS C14

MTC-17752

9,770±90

AMS C14

TKA-16601

10,380±30

shell
(freshwater
bivalve)
shell
(freshwater
bivalve)
shell
(freshwater
bivalve)
shell
(freshwater
bivalve)
shell
(freshwater
bivalve)
shell
(freshwater
bivalve)
charred residues
(outer, rim)

AMS C14

MTC-17753

10,700±60

AMS C14

MTC-17758

10,490±50

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17755

10,460±60

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17756

10,410±50

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17754

10,400±50

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17757

10,470±50

Kunikita et al.
(2017: Table 1)

AMS C14

MTC-17761

9,400±60

Kunikita et al.
(2017: Table 1)

charred residues
(inner, body)

AMS C14

MTC-17762

7,820±40

Kunikita et al.
(2017: Table 1)

charred residues
(inner,
rim-body)

AMS C14

MTC-17759

7,450±50

Kunikita et al.
(2017: Table 1)
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Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)
Kunikita et al.
(2017: Table 1)

2007, II area,
cultural layer:
T107 grid,
2nd layer
2007, II area,:
deposit of
potsherd 2:3
2007, II area,:
deposit of
potsherd 2:1
M10 (Burial
10)

charred residues
(outer, body)

AMS C14

MTC-17760

7,400±50

Kunikita et al.
(2017: Table 1)

charred residues
(lip)

AMS C14

MTC-17764

7,260±45

Kunikita et al.
(2017: Table 1)

charred residues
(inner,
rim-body)
Human bone

AMS C14

MTC-17763

7,125±40

Kunikita et al.
(2017: Table 1)

C14

9,550±45

Southern
section of G3
(trench 3)
Northern
section of G3
(trench 3)
Layer of sherd
concentration
1
Layer of sherd
concentration
2
Layer 2,
excavation
unit 107

Sherd

OSL

10,162±630

L.-X. Wang, Jin,
Duan, and Tang
(2013)
L.-X. Wang et al.
(2013)

Sherd

OSL

9,445±710

L.-X. Wang et al.
(2013)

Sherd

OSL

10,400±600

L.-X. Wang et al.
(2013)

Sherd

OSL

10,202±1000

L.-X. Wang et al.
(2013)

Sherd

OSL

9,679±750

L.-X. Wang et al.
(2013)

Table 7.4 Archaeological sites associated with early pottery
Notes:
* all belong to Houtaomuga pottery phase I; 2011, 2012 in the feature means the excavation years
** all belong to Shuangta pottery phase I
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In addition to the sites listed in Table 7.4, there are several other sites appearing
in archaeological research papers, which are also closely linked to the cultural change
from LUP to Mesolithic. Gómez Coutouly (2016) divides the archaeological record in
Yakutia region into three phases according to the pressure-flaking techniques used in
microblade/blade production (Table 7.5). Morisaki and Sato (2015) also built a
cultural sequence for the Lower Amur Region (Table 7.6). It is noted that microblade
technology existed for a long time in eastern Siberia, the Russian Far East, and NE
China. In Yakutia, The temporal boundary of Dyuktai complex and the Sumnagin
complex is the disappearance of the Yubetsu method, but in the Mamakan region,
along the Lower Vitim River, manufacture of wedge-shaped cores did not disappear
and lasted until the Middle Holocene (Ineshin & Teten’kin, 2011). The Dyukai
industry in the Upper Kolyma was also dominant in the early Holocene sites of the
Upper Kolyma region (Slobodin, 1999). For convenience, I adopt a simplified
temporal division scheme: the Yubetsu method in the LUP, and pressure bladelets in
the Mesolithic. However, cultural variation should be kept in mind. The Mesolithic
foraging societies can be seen as another stage of microblade-based societies.
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Age

Archaeological
complex

c.17,00013,000

Sub-complex

Lithic
technology

Type sites

Dyuktai
complex (LUP)

the Yubetsu
method and
pressure
microblades

Dyuktai Cave
(59.25°N,
132.67°E)

c.13,0007,000

Mesolithic
Sumnagin
complex

the end of the
Yubetsu
method and the
appearance of
pressure
bladelets

Ust-Timpton I
(58.67°N,
127.08°E)
Zhokov Island
sites (71.2°N,
152.6°E)

c.7,0003,300

Neolithic
traditions

Syalakh
complex
(early
Neolithic)
Belkachi
complex
(Middle
Neolithic)
Ymyakhtakh
complex (Late
Neolithic)

c.7,000c.5,700

the spread of
pressure blades

c.5,700c.4,300

c.4,300c.3,300

Table 7.5 Chronology of Yakutian lithic technology in eastern Siberia (Gómez
Coutouly, 2016)
Note: age is calibrated BP using the CalPal2007.
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Archeological
culture

Chronology
(uncal. BP)

Type site

Mobile weaponry

Durable tools

Osipovka
culture

13,000-10,000

Goncharka 1
(48.3292°N,
134.8708°E)

Microcores on bifaces Chipped and
Points: foliate,
ground axes
lanceolate, stemmed
and adzes
arrowheads, and a
few ground
arrowheads and blade
tools

Yamikhta
culture

10,000-7,600

Yamikhta*
(51.2669°N,
136.5764°E)

Foliate points
Arrowhead
Ground arrowheads
A few blade
arrowheads

Chipped axes
Ground tools
(predominant
at this site)

Tool blanks:
produced by blade,
microblade, biface
and flake reduction
Kondon
culture

7,600-6,000

Knyaze
Volkonskoe-1*
(48.4742°N,
135.5014°E)

Microblades
(produced from
prismatic and
wedge-shaped
microcores on small
biface)
Blade arrowheads

Ground axe

Tool blanks:
produced by blade,
microblade, biface
and flake reduction
(biface and flake
reduction are rear;
blade tools and
microblades are
predominant at this
site)

Table 7.6 LUP and Mesolithic type sites of the Lower Amur Region (Morisaki &
Sato, 2015)
Notes:
All associated with pottery; after the Konsong culture, there are Malyshevo culture
(5,500-4,700 BP), and Voznesenskoe culture (4,700-3,400 BP)
* in the maps, assuming pottery exists in these sites, according to Figure 3 of Morisaki
and Sato (2015)

In addition to the type sites mentioned above, there are two site groups dated to
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the Pleistocene-Holocene transition that are distributed on the Kamchatka Peninsula
and the Mamakan region of Siberia northeast to Lake Baikal (Table 7.7)

Type site

latitude Longitude Archaeological information

Ushki Lake 56.25
sites

Mamakan
region

160

57.8167 114.0125

Sites on Kamchatka, esp. Ushki-1
and Ushki-2, dated to 11,130-10,040
uncal. BP
Sites including Kovrizhka 1-3.
Bol’shoi Iakor 1-4, Invalidnyi 1-3,
Mamakan 1-6, using Mamakan
(Мамакан) town as the position

Reference
Gómez
Coutouly and
Ponkratova
(2016)
Ineshin and
Teten’kin
(2011)

Late Pleistocene: Bol’shoi Iakor 1
(cultural horizon 3A-9)
Early Holocene complexes:
Kovrizhka 2 (cultural zones 1-4A),
Invalidnyi 3, Loc.1 (cultural horizon
1)
Upper
Kolyama
Region

Microblade industry: 23-12 ky
uncal. BP
Type site: Mayorych: 61.90°N,
149.52°E

Slobodin
(1999)

The Siberdik Culture: Bifacial point
and knife fragments and microblade
industry; the tool kit looks more like
that of the Dyuktai than of the
Sumnagin.
Type sites: Kongo 61.67°N,
149.69°E, and Siberdik 61.59°N,
149.52°E

Slobodin
(1999)

Table 7.7 Site groups in Kamchatka Peninsula and the Mamakan region

Combining several sources, a temporo-spatial frame of archaeological cultures
and sites in E. Siberia and its neighbors can be summarized in Table 7.8. The table
clearly states that technological changes happened during the Pleistocene-Holocene
transition. Wedge-shaped microcores in the LUP industry were replaced by
prismatic/microprismatic blade/bladelet cores in the Mesolithic industry, the latter
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being used to make unifacial or bifacial points as tips of composite weapons (Gómez
Coutouly, 2016; Morisaki & Sato, 2015). Most of the technological changes match
the “traditional” cultural sequence – Dyuktai culture (to 10,500 uncal. BP), Sumnagin
culture (9,500-6,200 uncal. BP), and Neolithic cultures (6,200-3,300 uncal. BP), in
which each culture had its peak time range and followed a battleship-curve
chronological pattern of change in artifact type “popularity” (Pitulko & Palova, 2016:
Fig. 51). Meanwhile, pottery technology was being adopted by the foraging societies
in this region.
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Middle Amur Region

BP

Lower Amur Region
Morisaki and
Sato (2015)

Tabarev (2012)

Songnen Plain

This Study

Maritime
Region

Sakhalin
Island

Tabarev (2012)

Yakutia
Region

Kamchatka
Peninsula

Gómez
Coutouly (2016)

Tabarev (2012)

4,000
Neolithic
traditions

6,000
8,000

Gromatukhinskaya
Culture

10,000

Mariinskaya
Culture
Novopetrovskaya
Culture

Kondon
Culture

Vetka
Culture

Avacha localities

Shuangta I

Mesolithic
Sumnagin
complex

Yamikhta
Culture
Houtaomuga I
Osipovakaya
Culture

12,000

Osipovka
Culture

Ushki Lake Sites
The Dyuktai
complex

Ustinovka
Culture

14,000
16,000
18,000
20,000

The Ogon'ki
site

Selemjinskaya
Culture

22,000
24,000

Table 7.8 Temporo-spatial framework of archaeological cultures and sites*
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Notes:
* The resolution of the table is 1000 years, uncalibrated BP
Sites (with the aid of GoogleEarth): the Ogon’ki site: 46.75 °N, 142.55°E; Avacha localities: 53.25°N 158.83°E
Other sites appearing on the maps: Yana RHS:70.71667°N, 135.4167°E; Berelekh: 70.5°N, 143°E.
The following is an introduction of some cultures and sites (Tabarev, 2012):
Middle Amur Region
Selemjinskaya Culture: Late Paleolithic; wedge-shaped microblade technology; percussion blade industry; flake technology; multilevel sites
Gromatukhinskaya Culture: Final Paleolithic-Early Neolithic; wedge-shaped microcores were replaced by conical cores (9000 BP);
microprismatic industry
Novopetrovskaya Culture: subterranean dwellings, pottery sherds, and rich lithic materials; big blade cores and regular prismatic blades;
never tried to explore wedge-shaped or other versions of microblade techniques
Lower Amur Region:
Osipovakaya Culture: wedge-shaped microblade industry, blade percussion industry
Mariinskaya Culture: early Neolithic microprismatic industry
Maritime Region
Ustinovka Culture: Final Paleolithic; wedge-shaped microblade industry
Vetka Culture: Neolithic; pressure-blade industry
Sakhalin Island
Ogon'ki site: Late Paleolithic; wedge-shaped microblade industry, blade percussion industry
Kamchatka Peninsula
Ushki Lake sites: Final Paleolithic; wedge-shaped microblade technology
Avacha site: Neolithic; pressure-blade industry
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7.2.2 A Macroecological Approach
As discussed above, technological change during the Mesolithic period (13-6 ky
uncal. BP) included (i) wedge-shaped microcores are replaced by prismatic pressure
blade cores, and (ii) pottery technology made its appearance. I accept that there were
multiple places of origin for ceramic technology in NE Asia, as the Amur River Basin is
far separated from South China and the Japanese Islands (Kuzmin, 2015). In addition to
technological change, the Pleistocene-Holocene transition also witnessed a mixed
economy composed of terrestrial mammal hunting, fishing, and plant gathering.
Microblade/blade assemblages and pottery (for cooking and/or storing) both are found in
the southern mainland sectors (Primamur’e and Primor’e) and on Sakhalin Island
(Zhushchikhovskaya, 2009). A similar cultural phenomenon also happened on the
Songnen Plain in NE China (M. Zhang, 2011). Southern Siberia also manifested an
increase in bird procurement, and the Transbaikal region saw an increase in fishing and
the exploitation of other riverine resources (mollusk shellfish) during the Final Paleolithic
(Vasil’ev, 2011). Thus, the exploitation of aquatic resources can be seen as the third
cultural change. The use of pottery and aquatic resource implies sedentary or
semi-sedentary lifeways, because pottery is fragile (early pottery is even more fragile
than later pottery, which is better-tempered and fired), and rich aquatic resources are
distributed at specific locations (see Chen and Yu 2017b for a shor relevant discussion on
pottery).
Limited by the accessible literature, the case study region of E. Siberia and its
neighboring regions during the Pleistocene-Holocene transition can only focus on the
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differences between the LUP and Mesolithic, because the collected information is
inadequate to discuss subregional variation. The differences can be summarized below
(Table 7.9):

Lithic
technology

Pottery
technology
Mobility
Subsistence

Late Upper Paleolithic
Microblade technology to produce
microblade-equipped weaponry (esp.
Yubetsu wedge-shaped microblade
production technique in the Dyuktai
culture)
Almost no pottery technology adopted

Mesolithic
Pressure blade technology to
produce blade-modified weaponry
and tools (esp. prismatic pressure
flaking method in the Sumnagin
culture)
Early pottery

High-mobility lifeways
hunting-dominated subsistence

Sedentism or semi-sedentism
Mixed economy, esp. hunting and
aquatic resource exploitation

Table 7.9 Comparisons between the LUP and Mesolithic in E. Siberia and its
neighboring regions

E. Siberia is well-known for its harsh environment. Under current climatic
conditions, mountain chains in some regions are covered by snow even at the end of May
(Fig. 7.11). It is easy to infer that E. Siberia is associated with very low biomass and
hunter-gatherers needed to adopt a very high-mobility lifeway to obtain food resources.
However, these speculations should be tested in the macroecological approach. As
opposed to other regions in NE Asia which he did not include, Binford (2001) used
Siberian ethnographic resources (including the Orogens, Ket, Gilyak, Yukaghir,
Nganasan, and Siberian Eskimo, as well as the Ainu in Hokkaido) as evidence in his
book Constructing Frames of Reference. It makes the correlation between climate and
behaviors of hunter-gatherers more reliable. Though the sample size of the climate
database for Siberia is not as large as those from China, Japan, N. & S. Korea, and
Mongolia, it is sufficient to make reliable inferences. Two things that must be kept in
207

mind are: (i) some weather stations might have local environmental effects, thus causing
possible errors, which could produce anomalous patterns if there is no other weather
station in the region; and (ii) the high latitudes created such extreme climate under LGM
conditions that there are no analogs among modern hunter-gatherers, producing outliers
(such as negative values or values higher than the maximum in the real world) and
aberrant patterns in the isoline maps, which should be ignored when interpreting the
maps.

Figure 7.11 Landscape of E. Siberia, coast of Sea of Okhotsk (May 15, 2015, photo taken
by the author)
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During the LGM, all the sites in this region 1 are associated with ET under the
subpolar bottleneck value (<11.53°C). During the early Holocene, it is expected that this
region had higher ET values, but the largest northern part is still under the subpolar
bottleneck, while the southern part is between the subpolar bottleneck and the terrestrial
plant threshold (ET: 11.53-12.75°C) (Fig. 7.12). This means that plant-dominated
subsistence strategies are not expected except in rare local instances in which
temperateness extends the growing season, and that under the subpolar bottleneck,
locations should exhibit a very narrow range of net above-ground productivity values,
representing forest biomes with substantial biomass, but very little species diversity
(Binford, 2001: 267: Generalizaiton 8.12). Moreover, the growing season in this region is
also short no matter under which climatic conditions (Fig. 7.13).
The maps of net above-ground productivity (NAGP) and primary biomass (BIO5)
show the impacts of low effective temperature and short growing seasons. The NAGP
values are lower than 600 except the Songnen and Ussuri River Basins under modern
climatic conditions, suggesting very few new plant cells were added to the maps in this
region (Fig. 7.14). Primary biomass also increased during the Pleistocene-Holocene
transition, but compared with the temperate regions, it is still low (Fig. 7.15). The
consequences of low net above-ground productivity and low primary biomass include a
relative lack of accessible plant food, taking into consideration that most increased plant
productivity reflects on the building of boreal (coniferous) forest, (though pine nuts might
provide some food during fall), rather than seeds and fruits for human to collect, and low

1

This means the vast region composed of E.Siberia, the Amur/Heilongjiang Basin (Russia and China), and the
Transbaikal (above 45°N). To clearly show the difference between this region and the lower latitude (N.China,
Mongolia Plateau, and Japan), the maps also cover other regions on the south.
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secondary biomass in the ecosystem (see Fig. 7.16). In this region, the areas with highest
values of secondary biomass are constrained to the Songnen Plain, middle
Heilongjiang/Amur River Basin, and eastern Mongolian Plateau under LGM climatic
conditions. While those areas are of one ecological type under modern climatic
conditions, secondary biomass stays very low in the vast E. Siberia. It is clear that climate
amelioration did not dramatically increase the quality of the resources, except in the
Heilongjiang/Amur River Basin in the south (the northern part of the Xing’anling and
Changbai Mts. region).
The Minimalist Terrestrial Model provides a tool to assess human strategies if the
hunter-gatherers depended purely on terrestrial plants and animals. As mentioned in
Chapter 5, TERMHNT2 was designed to measure percentage dependence upon terrestrial
animals. The maps in Figure 7.17 provide us definite information that people living off
the land in this region have to depend on animal resources (most regions need more than
70%), which means that hunter-gatherers live in a highly risky environment, since
terrestrial animals migrate among different regions and the risk of failure exists during
hunting (vs. gathering). The maps of terrestrial model expected subsistence bias
(SUBSPX2) display little change from the LGM to the early Holocene; most regions in
northern E. Siberia were uninhabited because of inadequate primary and secondary
biomass even during the climatically ameliorated Holocene (Fig. 7.18). The change is
expected to happen in the southern region of E. Siberia in which the formerly uninhabited
areas became suitable for hunting-dominated subsistence. Thus, it is reasonable to
conclude that E. Siberia has always been a harsh environment for hunter-gatherers.
However, there is evidence of human colonization of E. Siberia all the way up to the
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Arctic Circle at the Berelekh site (70.5°N, 143°E, estimated age: ~14/13-11 ky uncal. BP)
and migration across Beringia during post-LGM/terminal Pleistocene, and the occupation
at the Yana RHS site (70°43’N, 135°25’E, 27-29 ky uncal. BP) during the pre-LGM
period (Graf & Buvit, 2017; Pitulko, 2011; Pitulko, Nikolskiy, Basilyan, & Pavlova, 2013;
Pitulko et al., 2004). Thus, a question that needs to be answered is: how did people solve
their subsistence problem in the inhabited high latitudes, i.e., how did they get enough
food resources?
Binford developed several variables based on the correlations between climate and
ethnographic variables, to project subsistence specialization at a point where
hunter-gatherers no longer exist. SUBSPE is a measurement of projected subsistence
specialization. The maps (Fig. 7.19) show that people living in the coast regions might
have adopted fishing as an important portion of their subsistence during the terminal
Pleistocene and early Holocene, if their territories had expanded there. However, during
the Pleistocene to Holocene transition, the change of subsistence specialization in this is
minimal, except for several areas with a shift from hunting to fishing. It is noted that the
inhabited regions at high latitudes (the SUBSPX2 maps in the Minimalist Terrestrial
Model) are expected to be occupied by people specializing in hunting and/or fishing (the
SUBSPE maps in the ethnographic projections), which can be fully displayed in the
projected gathering, hunting, and fishing maps (Fig. 7.20). These suggest that terrestrial
plant use in E. Siberia and its neighboring regions only constituted a small portion of
subsistence, and that aquatic resource use dominates the coastal regions (especially under
modern climatic conditions) while hunting dominates the interior regions. Thus, the
foraging societies in this region are expected to be hunting-fishing societies. Another
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consequence of the adoption of aquatic resource use was a dramatic increase of
population density, especially in the coastal regions (Fig. 7.21 and Fig. 7.22).
Hunter-gatherers living in the Primor’e and Priamur’e regions, the PSHK, and southern
tip of the Kamchatka Peninsula are expected to possess a population density higher than
the threshold for the people dependent on terrestrial plants (9.098 persons/100km2). Since
the density projection combined with the SUBSPE projection of aquatic resource use
identifies this region as one with environmental characteristics like regions where
historically documented hunter-gatherers were able to maintain relatively high population
densities in semi-settled communities by using aquatic resources. Thus the maps do not
suggest that people had been densely packed, but they might have been adopting a
sedentary or semi-sedentary lifeway to effectively use aquatic resources along key
ecotones, especially estuaries. Moreover, as the maps of the Growth Rate Model suggest,
only the regions where aquatic resources are present could support increased population
density leading to packing (Fig. 7.23). Interior areas without abundant aquatic resources
would maintain low densities with subsistence based on specialized hunting, while excess
population was attracted to coasts where aquatic resources were available.
High mobility has been an essential strategy and first choice of hunter-gatherers,
when resources become scarce (S.-Q. Chen, 2011; Sellet, Greaves, & Yu, 2006), and
microblade technology becomes a good option due to its lightness, high maintainability,
cheapness, lethality when used in compound weapon tips, and strength (see Chapters 2
and 3). During the Pleistocene to Holocene transition, because of the adoption of aquatic
resource exploitation, mobility measured by projected total distance moved from camp to
camp (EXDMOV1) greatly decreased, suggesting mobility in the interior regions is also
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expected to decrease (Fig. 7.24). This can be used to explain why microblade technology
(especially those aspects that are based on wedge-shaped microcore production) of the
Dyuktai culture was replaced by pressure blade technology (especially when based on
prismatic pressure flaking techniques) of the Sumnagin cultural in a regional scale,
although the former lasted until the Holocene in several sites. If projectile points with
curved backs and backed micropoints in the Azilian (of W. Europe) and the Incipient
Jomon (Paleo-Honshu in Japan) are used for comparisons, the technological replacement
in E. Siberia and the Amur River Basin might also be correlated with revegetation during
the Bölling/Alleröd warming (14.7-12.7 ky uncal. BP).
Could the invention of pottery be seen as an adaptation to sedentism (fishing camps),
similar to the cases of Ertebølle or Bjørnsholm pottery in Denmark during the European
Late Mesolithic (Andersen & Johansen, 1986; Andersen & Rasmussen, 1991; Erlandson,
2001; Rowley-Conwy, 2011)? The map of EXDMOV1 under modern conditions
suggests that most of sites associated with pottery technology are located in the areas
with relatively shorter distances of camp-to-camp movement, especially the sites located
in the lower Amur River Basin, but our sample of known sites is no doubt very small
and incomplete, thus perhaps not at all representative. However, the sites south to Lake
Baikal (Studenoe 1 and Ust-Menza 1) are located in the region with expected higher
mobility. This might be caused by certain aspects of the data collected for the input file
of the EnvCalc2.1 program; Lake Baikal, as an interior waterbody, was not used to
measure the distance from weather stations to coast. The sites on the Kamchatka
Peninsula are not associated with pottery either, perhaps due to the existence of textile
technology (evidenced by print on the pottery’s surface), which might have served as an
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alternative technology to ceramics in terms of storage and/or food processing during the
LGM or post-LGM periods. Textile vessels could be used both in the highly mobile and
sedentary lifeways. The adoption of sedentary life provided the occupants the
opportunities to improve their pressure technology by using facilities, such as crutch
tool for impulsive pressure, clam, lateral jaws, slotted bone, or forked stick device for
immobilizing cores, and slotted logs used with a lever for removing very long blades, to
produce much more standardized blades (J. E. Clark, 2012; Inizan, 2012), which in turn
were modified as unifacial or bifacial points for bow-and-arrow weaponry in a
non-agricultural economies. The bow-and-arrow weaponry equipped with a small point
with higher accuracy is also suitable for the boreal environment with more closed
landscape after the reforestation of the Pleistocene-Holocene transition.
To sum up, limited by the low density of weather stations in E. Siberia, the
macroecological models and projections based on Constructing Frames of Reference can
only provide archaeologists with coarser maps to do archaeological reference (compared
to those for China, Japan, and S. Korea). The available evidence suggests that, although
subsistence remained a mixed economy of hunting and fishing with only a minimal
portion of gathering, the increase of effective temperature and length of the growing
season indicate the shrinkage of tundra and increase of wetlands. Climate amelioration,
signaled by revegetation and reforestation during the Bölling/Alleröd interstadial
warming (Velichko & Kurenkova, 1990), created a new niche for hunter-gatherers who
could effectively use aquatic resources. The human occupation or recolonization could be
seen as a process of niche-filling. Meanwhile, the formation of closed landscapes and
extinction of the megafauna might lend an impetus to technological change, from
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microblade technology to blade technology which could be modified to small lithic points
or knives for processing food resources. Morisaki and Sato (2015) believes that the rise
of the Yamikhta culture in the Lower Amur region dated to the early Holocene can be
seen as representing the decline of the risk-buffering strategy of lithic tool production
(associated with microblade technology) and a shift to a more sedentary lifestyle. The
invention of pottery can be assumed to be a consequence of the decrease in mobility and
the increase in aquatic resource use. However, these ideas are still hypotheses, awaiting
further research to be tested, including organization of lithic technologies (microblade
and prismatic blade), the function of blade-based tools (hunting, fishing, and/or food
processing), the use of pottery (cooking, storing, and/or food processing), etc..
In addition, more research is necessary to investigate technological variation in E.
Siberia, as well as between E. Siberia and its neighboring regions. For example, why does
microblade technology last longer in some regions (such as the Mamakan region and
Upper Kolyma), and show a lag of the LUP (Dyuktai culture) – Mesolithic (Sumnagin
culture) transition? How can the long-lasting tradition of wedge-shaped microcore in
Tchoukotka and the Kamchatka Peninsula be interpreted, while prismatic cores appear in
the regions to its western (Siberia) and eastern(Alaska) sides (Gómez Coutouly, 2018),
which cannot be successfully explained by cultural transmission? How can we explain
the rise of prismatic blade cores (bigger than the blade cores in the Mesolithic) in the
Neolithic (c.7000-5000 cal BP) of Eastern Siberia (Gómez Coutouly, 2018)? How can we
understand why early pottery appeared in some regions, while it did not appear in other
regions? These need to be seen as research questions relating to emergent processes or
events, rather than as purely historic events, and the macroecological approach is
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necessary to investigate dynamics of cultural and technological change.

7.3 Northern China: Food Production and Microblade-based Societies
During the Pleistocene to Holocene transition, Northern China not only witnessed a
broad spectrum revolution, intensification, and food production, but also saw the
increasing use of durable stone tools linked to a terrestrial plant-dependent economy and
the fade of microblade technology linked to highly mobile hunting-dominated lifeways.
This process is generalized by Chen and Yu (2017a, b) as the Paleolithic to Neolithic
Transition (PNT) (ca. 15,000-8,500 C14 BP) in the period after the Late Upper
Paleolithic (LUP) (ca. 24,000-15,000 C14 BP). Archaeological records suggest that the
early Neolithic sites and sites with cultivation dated to the terminal Pleistocene are both
located in relatively small habitats in basins, valleys and foothills of forest-steppe
ecotones in the zone between the terrestrial plant threshold and the storage threshold in
Binford’s system (ET=12.75-15.25°C). Agriculture appeared on North China Plain after
humans achieved sophisticated food production technologies during the Middle Holocene.
S.-Q. Chen (2006a) also attributes food production to collectors who practiced logistical
strategies in Binford’s (1980) forager-collector system. Microblade-based societies
cannot securely be classified as either foragers or collectors, but according to Chen’s
proposition, it seems that the foragers in N. China (if there were some) had changed their
subsistence-settlement system to collecting during the terminal Pleistocene. Current
archaeological records are inadequate to prove or falsify this hypothesis, but they can be
investigated from a macroecological viewpoint. Chapter 5 indicated that in N. China,
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from the unpacked to the packed population condition, hunting-dominated subsistence is
expected to become gathering-dominated subsistence in the west (the Loess Plateau), and
fishing-dominated subsistence in the east (North China Plain) in which lakes and marshes
formed at the end of the Last Ice Age. Most early sites associated with cultivation,
ground stone tools, and microblade assemblages are located along the boundary of the
gathering-fishing-dominated subsistence line, suggesting that prehistoric foraging
societies might have been practicing a mixed economy.
This project only focuses on the relationship between the rise of food production and
the decline of microblade-based societies. There is no question about local origin of food
production in N. China, and the recolonization process of the “refugium model” only
refers to some frontier regions, such as high-latitude NE China and the high-altitude
Tibetan Plateau, which will be discussed in the next case study. The decline of
microblade-based societies cannot be explained as humans migrating out to the frontiers,
since the archaeological record in N. China tends to support an explanation of cultural
transition rather than replacement (see S.-Q. Chen, 2014). In the following three
sub-topics concerning N. China, I apply the macroecological approach to study the
development and decline of microblade-based societies under the background of the PNT,
with the time range from the LGM to the early Holocene.
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Site

Latitude

Longitude

Layer

Material

Method

Lab. No.

Dates

Reference

Nanzhuangtou

39.1189

115.6576

layer 5-6

wood

AMS C14

BK86120

9875±160

wood

AMS C14

Bk86121

9690±95

wood

AMS C14

BK87093

9810±100

wood

AMS C14

BK89064

9850±90

Layer 6

charcoal

AMS C14

BK87075

10510±100

Layer 5

silt

AMS C14

BK87086

9980±100

silt

AMS C14

BK87088

10815±140

M1 (Burial 1)

human bone

AMS C14
AMS C14

c.9800
9570±70

S.-X. Yuan, Chen,
and Zhou (1992)
S.-X. Yuan et al.
(1992)
S.-X. Yuan et al.
(1992)
S.-X. Yuan et al.
(1992)
S.-X. Yuan et al.
(1992)
S.-X. Yuan et al.
(1992)
S.-X. Yuan et al.
(1992)
S.-N. Ren and Wu
(2010: 89)
J.-C. Yu (1998)
Cui (2010: 27)

Layer 8, T3
Layer 7, T3

charcoal
charcoal

AMS C14
AMS C14

9180±80
9155±40

Cui (2010: 27)
Cui (2010: 27)

Layer 4, T3
Layer 4, T9

charcoal
charcoal

AMS C14
AMS C14

8780±90
8805±50

Cui (2010: 27)
Cui (2010: 27)

Layer 3, T9
Layer 2, T9

charcoal
Pineapple

AMS C14
AMS C14

8772±40
8885±55

Cui (2010: 27)
Cui (2010: 27)

Layer 6
Layer 5

charcoal
charcoal

AMS C14
AMS C14

BA091494
BA091417

8950±40
8015±35

He et al. (2013)
He et al. (2013)

Layer 4
Layer 4

charcoal
charcoal (3 samples)

AMS C14
AMS C14

BA091416
7740±40
10300-10500 cal. BP

Human skull

AMS C14

BA04308

8675±40

Human skull

AMS C14

BA04309

8670±30

He et al. (2013)
J.-F. Zhao et al.
(2013)
B. Sun et al.
(2014)
B. Sun et al.
(2014)

南庄头

Zhuannian

40.6999

116.6029

转年
Donghulin

39.98

115.7267

东胡林

Lijiagou (north area)

34.5597

113.5236

李家沟
Lijiagou (south
area)
Bianbiandong
扁扁洞

34.5597

113.5236

36.0617

118.4714
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AMS C14

9200±100

Kengnan
坑南
Yujiagou
于家沟
Ma'anshan
马鞍山
Hutouliang

32.9369
40.1636

111.50812
7
114.4797

40.1597

114.4608

40.1652

114.4908

虎头梁

Mengjiaquan

Animal skull

AMS C14

BA04310

10030±40

Human skull

AMS C14

BA04317

8730±50

Area I Layer
3A
Area I Layer
3B
Area I Layer 4

Animal bone

AMS C14

BA07226

8505±45

Animal bone

AMS C14

BA07227

8585±40

Animal bone

AMS C14

BA07228

8180±45

Layer 2

Animal bone

AMS C14

BA07229

6120±45

Collected

Animal bone

AMS C14

BA07230

6305±40

C14

~10000-9000 BP (calibrated?)

Layer 2, 3

OSL

18 ka-14 ka

B. Sun et al.
(2014)
B. Sun et al.
(2014)
B. Sun et al.
(2014)
B. Sun et al.
(2014)
B. Sun et al.
(2014)
B. Sun et al.
(2014)
B. Sun et al.
(2014)
W.-C. Li, Song,
and Wu (2014)
Mei (2007: 110)

Terrace II

bone

Layer 6
(upper)

polymineral

Conv.
C14
OSL

polymineral

OSL

PV-0156

10,690±120

IA-CASS (1991)

9.2±1.4 ka

Nagatomo et al.
(2009)
Nagatomo et al.
(2009)

9.0±1.3ka

39.8767

117.7841

-

40.1

114.4333

-

36.45

111

34.0667

113.6833

孟家泉
Jijitan
籍箕滩
Xueguan
薛关
Lingjing
灵井

Layer 5

charcoal

Conv.C14

BK81016

13,170±150

IA-CASS (1991)

charred material

AMS C14

IAAA-92123

11,360±50

charred material

AMS C14

IAAA-92124

11,490±50

Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
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charred material

AMS C14

IAAA-92125

11,930±50

charcoal

AMS C14

IAAA-100080

28,610±120

burnt bone

AMS C14

IAAA-100082

11,520±40

burnt bone

AMS C14

IAAA-102634

11,400±50

charcoal

AMS C14

IAAA-102635

11,600±50

charred material
on sherd
charred material
(charcoal?)
charred material
(charcoal?)
charred material
(charcoal?)
burnt bone

AMS C14

IAAA-102636

8,610±40

AMS C14

IAAA-102638

10,180±40

AMS C14

IAAA-102639

11,710±50

AMS C14

IAAA-102640

11,860±50

AMS C14

IAAA-102641

11,290±50

charred material
(charcoal?)
charred material
(burnt bone?)
Charcoal (?)

AMS C14

IAAA-102642

10,970±50

AMS C14

IAAA-102643

11,280±50

AMS C14

IAAA-102644

11,550±50

charred material (?)

AMS C14

IAAA-102645

11,470±50

charcoal

AMS C14

IAAA-102647

11,220±50

charcoal

AMS C14

IAAA-102648

11,520±50

charred material
(burnt bone?)
charred material
(charcoal?)

AMS C14

IAAA-102649）

11,800±50

AMS C14

IAAA-102650

11,860±50
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Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)
Z.-Y. Li et al.
(2018)

Shizitan, loc. S29*
柿子滩

Shizitan, loc. S5

36.0513

36.0464

110.5910

110.5872

Layer 1, 63 cm
deep
Layer 1, 63 cm
deep
Layer 1

bone

AMS C14

BA10129

11,175±60

Song et al. (2017)

bone

AMS C14

BA101412

11,390 ± 50

Song et al. (2017)

bone

AMS C14

BA101404

9,220±50

Song and Shi
(2016)

D.-C. Liu et al.
(2008)
Nagatomo et al.
(2009)
Yi (2012)

Some other sites dated to PNT time range, but not related to origin of food production**
Shuidonggou
Loc.12
水洞沟

Gezishan 53S/0W

38.3278

106.4969

38.0232

105.8599

Gezishan 3N/3W

38.0232

105.8599

PY-04

35.8

106.6

鸽子山

Layer 11

charcoal

AMS C14

LUG06-54

9,797±91

Layer 11

quartz

OSL

IEE1110

11.6±0.6 ka

L1-L5
Stratum E
Stratum E/F

cultural layers formed between 11,000 and 12,000 years ago, starting at
the middle of the Younger Dryas
Beta 97241
10,230±50
Beta 86731
11,620±70

Stratum G2
Stratum D

-

Stratum D

charcoal

AMS C14

Beta 97242
Beta 86732

12,710±70
10,020±60

Elston et al. (1997)
Elston et al. (1997)

Beta 97346
CAMS94202

10,130±70
10,670 ±40

Elston et al. (1997)
L. Barton et al.
(2007)

Table 7.10 Chronometric dates of the sites in the PNT group
Notes:
* Other dates are in Table 6.4 and outliners are excluded.
** Dates of Dadiwan site see Table 6.4; these sites are recorded as “other” in the maps.
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Elston et al. (1997)
Elston et al. (1997)

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Site

Type

Nanzhuangtou
Zhuannian
Donghulin*
Lijiagou
Bianbiandong
Kengnan
Yujiagou
Ma'anshan
Hutouliang
Mengjiaquan
Jijitan
Xueguan
Lingjing*
Shizitan**
Xiachuan
Longwangchan

PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
LUP
LUP
LUP

Artifact assemblage
Site organization
Biological remains
A B C D E F G H I
J K L M N O P
Q
R
S
0
1 1
1 0 0
0
0
1 1 .5
0
1
1
1
0
0
1
1
1 1
1 0 1
1
1
0 1
0
0
0
0
0
0
0
0
1
1 1
1 0 1
1
1
1 1
1
1
1
1
1
1
.5
0
1
1 1
0 1 0
1
1 .5 1 .5
0
1
0
0
0
0
0
0
1 1
1 0 0
0
1
1 1 .5 .5
1
0
1
0
0
0
0
1 1
0 0 0
0
1
0 0
0
0
0
0
0
0
0
0
1
1 0
0 1 0
0
0
0 0
0
0
0
0
0
0
0
0
1
1 0
0 1 0
0
1
1 1
0
0
1
0
0
0
0
0
1 .5 0
0 1 0
0
0
0 0
0
0
0
0
0
0
0
0
1
0 0
0 0 0
1
1
0 0
0
0
0
0
0
0
0
0
1
0 0
0 1 0
0
0
0 0
0
0
0
0
0
0
0
0
1
0 0
0 0 0 .5
0
0 0
0
0
0
0
0
0
0
0
1
1 0
0 0 0
0
0
0 0
0
0
0
0
0
0
0
0
1
0 1
1 0 0
0
1
1 1
0
0
0
0
0
1
0
0
1
0 0
0 1 0
0
1
0 0
0
0
0
0
0
0
0
0
1
0 1
1 0 0
1
1 .5 1
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 7.11 Presence of markers of the PNT in North China, by site*** (modified from S.-Q. Chen & Yu, 2017b: Table 2).
These sites are mapped in Figure 7.25
Notes:
The rows: A= microblade, B= pottery, C= mortar (millstone), D= pestle (millstick), E= adze, F= stone container, G= polished tool,
H=diversity of artifact types, I= hearth, J= diversity of site types, K= structure, L= grave, M= central camp, N= ditch, O= pit, P= foxtail
millet, Q= broomcorn millet, R= dog, S= wild pig (boar)
The columns: Other sites without data except microblades: 17 Xishi (LUP); 18 Shuidonggou Loc. 12, 19 Dadiwan (Component 4),
20 Gezishan (Pigeon Mountain), 21 PY-04, all classified as “other” (see maps of Northern China). The number of the sites matches the
maps of Northern China.
* updated information according to Cui (2010); ** new site added according to Z.-Y. Li et al. (2018); *** updated information of
Locality 29 according to L. Liu et al. (2018); **** 1= present; .5= possibly present; 0= not discovered yet.
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7.3.1 Early Intensification or Group Activity: A Study of Plant Use at the Shizitan Site
In the recent years, Li Liu has been conducting a research project on plant use at the
Shizitan site, Shanxi Province, based on use-wear and residue analyses, suggesting that
prehistoric plant use in northern China can be traced back to the immediately pre-LGM
period, about 28 ky cal. BP (L. Liu et al., 2013a, 2013b; L. Liu et al., 2011; L. Liu et al.,
2018). The plant use, including harvesting and processing using stone tools, can be
divided into 6 phases (Table 7.12), which suggests near-continuous exploitation of
various plants in the Middle Yellow River Valley (both the Xiachuan site and the
Longwangchan site share many material features with the Shizitan site, including
microblades, grinding stones, and hematite processing) 1 (L. Liu et al., 2018: 616). Their
investigation provides substantial evidence of an early broad-spectrum subsistence
strategy in the Upper Paleolithic northern China.

1

They notice some microblades were used in plant cutting, but there is no evidence to falsify the hunting weaponry
hypothesis of microblades.
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Phase

Site and Stratum

Material

Function for
Plants
FL: cutting,
scraping
SL: processing

Phase I
(pre-LGM)

Stratum 8, SZT 29

2 FL
2 SL

Phase II
(the early part of
LGM)

Stratum 7, SZT 29

Phase III
(the late part of
LGM)
Phase IV
(the terminal LGM)

Strata 6, 5, & 4,
SZT 29
Strata 3 & 2, SZT
29

7 MB
3 FL
4 SL
1HS
1 MB
7 FL
3 SL
4 FL
4 SL

MB: cutting
FL: plant cutting
SL: processing*
HS: processing
MB: cutting
FL: cutting
SL: processing
FL: cutting
SL: processing

Phase V
(warmer conditions)

Stratum 1, SZT 29

2 FL

FL: cutting

Phase VI
(Early Holocene)

Stratum 1, SZT 5

2 FL

FL: cutting

Plant Use
Starchy plants,
including Panicoideae
(possibly Job’s tears),
Triticeae and yam
No clear evidence for
wild millet collection
Wild cereals (e.g.
Triticeae, Job’s tears
and wild millets),
tubers and other plants
Wild cereals, and
especially Panicoideae
Grasses, including
Panicoideae and
Triticeae.
Tubers are much less
well represented
Unknown, only one
non-specific phytolith
was recovered.
Unknown, only starch

Table 7.12 Phases of plant use at the Shizitan (SZT) site (data collected from L. Liu et al.
2018)
Notes:
FL: flake, MB: microblade, SL: slab or slab fragment, HS: handstone
* Both slab fragments and handstones are used for processing plant food and minerals

L. Liu et al. (2011: 3524) propose the viewpoint “The trajectory from intensified
collection of a wide range of wild plants to domestication of a small number of species
was a very long process in north China”, and suggest that it “parallels the transition from
the ‘broad spectrum revolution’ to agriculture in the Near East”. Although they did not
use the term “intensification” to generalize this process, plant processing could be seen as
a means of food resource intensification, since people need to invest lots of labor to
extract energy from plants, including tubers and seeds. The plant use might suggest a
local population packing effect during the LGM in the Middle Yellow River Valley,
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possibly caused by southward movement of prehistoric peoples from the north or the
west, which can be tested as a hypothesis.
The ET value of the Shizitan site under LGM climatic conditions was below the
terrestrial plant threshold, suggesting that the prehistoric foraging societies needed to
depend on terrestrial animal resources during the LGM. However, a relatively longer
growing season than that of Siberia provides this location higher net above-ground
productivity and primary biomass. The Shizitan site is also located in the belt of high
secondary biomass, making it a place that possessed plenty of both terrestrial plant and
animals. The Qingshuihe River, a small tributary of the Yellow River, also provided
people with enough water and aquatic resources for survival, although archaeologists
have not found substantial evidence of fishing. The maps support the following
characterization of the environment and resource use at the Shizitan site:
Around 23,000-18,000 years ago during the LGM, the Qingshui River valley appears to have
been an area with a wide range of faunal and floral resources, which attracted small
hunting-gathering groups. In addition to hunting, people collected and processed many types
of plants, including grass seeds of Triticeae and Paniceae, Vigna beans, D. opposita yam,
and T. kirilowii snakegourd roots, among others. (L. Liu et al., 2013a: 5384)

Thus, there is no question that prehistoric hunter-gatherers adopted a mixed economy to
satisfy their subsistence requirements, which might have been a general strategy adopted
by the peoples during the LGM. The peoples in the lower latitudes or above the subpolar
bottleneck (ET=11.53°C) have significantly more terrestrial plant resource to utilize.
The question is whether resource intensification on terrestrial plants was practiced or
not during the LGM. According to the maps produced under the Growth Rate Model,
unpacked/packed maps show that the location of the Shizitan site is expected to have
favored a gathering-dominated economy if population became packed, while it would
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have favored a hunting-dominated economy if population was unpacked (Fig. 7.31). The
ethnographic projected population density map under LGM climatic conditions (Fig. 7.32)
suggests that local resource cannot support a high population density in the region where
the Shizitan site is located (2-3.033 persons per 100 km2). The projections can only be
used to expect some patterns if hunter-gatherers in this location were organized like
recent hunter-gatherer in the location if they were organized like recent hunter-gatherers
in similar contexts, rather than used to say what the archaeological record was. In
addition, the packing threshold was developed using data for mobile plant dependent
hunter-gatherers who used no long term storage – the density threshold at which highly
mobile hunters might need to intensify would be lower. In other words, the occupants at
the Shizitan site during the LGM might have intensified plant resources especially for
storage. But more archaeological evidence is needed to support this hypothesis.
Is there any other possible explanation for the existence of intensive plant use at the
Shizitan site? The map of EXDMOV1 shows that foraging societies in northern China
during the LGM had to adopt highly mobile lifeways (comparing with the values of
EXDMOV1 under current climatic conditions, Fig. 7.33). Widespread microblade
technology provided them with effective and light composite weaponry to hunt animals;
some microblades were used as reaping knife inserts to harvest and process plant
resources. Microblade-based societies successfully adapted to the deteriorated
environment with relatively lower primary and secondary biomass. The region in which
the Shizitan site is located has a relatively lower value in terms of expected distance of
residential movement (250-300 miles) than its neighboring regions to the east and
northwest, which suggests that the occupational duration in one location might be longer
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and occasional sedentism might have happened during the LGM (Fig. 7.33). Maps of
population group size in the subsistence-settlement system (Fig. 7.34) suggest that under
LGM climatic conditions, prehistoric foraging societies in the regions where the Shizitan
site, as well as the Longwangchan and Xiachuan sites, are located harbored 20-25
persons in the most dispersed settlement phase, 90-120 persons in the most aggregated
phase, both less than its eastern neighboring regions. However, the site is located in the
zone with high GROUP3 values (400-500 persons), representing a high probability of
annual or every several year’s aggregation. Though it is located at the edge of GROUP3
isoline (400 persons), the Qingshuihe-Yellow River system and valley environment offer
an advantage with regard to supporting populations, especially aggregations. The Shizitan
site and Longwangchan site Locality 1 share almost the same archaeological record,
suggesting that prehistoric foragers might easily have been going across the Yellow River
in winter on ice under very low temperatures during the LGM and post-LGM
Pleistocene 1 (Y.-H. Song, personal communication 2015). The combination of high
GROUP3 size in this region and its river valley topography might have made the Shizitan
site an ideal place for multi-group aggregations (annually or every few years). This
hypothesis is expected to be supported by the archaeological record associated with 285
hearths at Locality S29 (Table 7.13, Fig. 7.37). Microblade assemblages imply the
existence of organized hunting activities, and plant remains studied in Li Liu’s project
might prove the association between plant use behaviors and the activities surrounding
the hearths in localities S14 and S29 in further research (L. Liu et al., 2013a; L. Liu et al.,

1

According to the WorldClim program (past conditions) http://www.worldclim.org/paleo-climate1, average
temperatures in December to February were -5~-7°C under LGM climatic conditions
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2011; L. Liu et al., 2018). At least, this hypothesis has been partly supported by the
recent analysis of Locality of S29 (Song et al. 2017), but detailed discussion of human
eggregation at the Shizitan site is needed.

Type of hearth
Number Percentage
Above-ground hearth
265
92.98%
Above-ground hearth with sandstone rocks
13
4.56%
Round-pit hearth
5
1.76%
Hearth with stone-floored pit
2
0.7%
Total
285
100%
Table 7.13 Hearths in the Shizitan site, Loc. S29 (Song & Shi, 2017)
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Figure 7.37 Hearth numbers 1-6 hearths in cultural layer 6, Loc. S29 of the Shizitan
site (Song & Shi, 2017: Fig. 5)

To sum up, the macroecological approach suggests that intensification might not
have existed at the Shizitan site during the LGM. The archaeological record of plant
resource exploitation at the Shizitan site indicates that increasing population densities
might have made intensification important. However, plants may have been used for
supplementary food resources (tubers and wild millet) in daily life. Just as the maps
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suggested, the plant foods also might have been used to satisfy the regional band
requirements of periodic aggregations at the Shizitan site (e.g., Loc. S29 and Loc. 14).
Unfortunately, because of a lack of lithic refitting research, the hypothesis proposed here
remains speculative, although the limited available evidence is suggestive. Limited by the
preliminarily published data, testing this hypothesis will require more evidence and
question-oriented studies in the future. Plant use at the Shizitan site lasted until the early
Holocene, when it was totally abandoned. It is a key site for archaeologists to investigate
the process of a potential broad spectrum revolution in Upper Paleolithic of the Middle
Yellow River Basin, and/or to study subsistence-settlement systems and technological
organization of microblade-based societies in Northern China, since it possesses a
complete record from Phase I to Phase III (and some in Phase IV).

7.3.2 Broad Spectrum Revolution and Intensification: A Study of Pleistocene-Holocene
Transition
The Late Pleistocene and Early Holocene in Northern China witnessed the
transformation from societies composed of hunter-gatherers equipped with microblade
technology to societies equipped with ground stone tools, pottery, food production, and
durable dwellings. There have been many studies on these aspects of the transition.
Although their appearances can be dated to different specific times in different regions,
the formation of agricultural societies can be seen as an emergent event, rather than as the
simple overlap of historical events. Chen and Yu (2017a, b) named this period the
Paleolithic to Neolithic transition (PNT). They “synthesize a broad range of diagnostic
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artifacts, settlements, site structure, and biological remains to develop a working
hypothesis that agriculture was differentially developed or adopted according to ‘initial
conditions’ of habitat, resource structure, and cultural organization” (S.-Q. Chen & Yu,
2017b: 381). They noted multiple and divergent evolutionary pathways, including
northern China (divided at the Taihangshan Mts. into the North China Plain and Loess
Plateau). Published data on the chronology and archaeological record of Northern China
linked to the PNT are given in Table 7.10 and Table 7.11. They clearly show the basic
information on diagnostic artifacts, settlements, and site structure associated with social
organization, and potential species for domestication (S.-Q. Chen & Yu, 2017b: Table 2),
with updated information from recently published results. The two papers by Chen and
Yu (2017a, b) clearly and successfully illustrate cultural change during the PNT of
Northern and Southern China, but the authors did not fully apply a macroecological
approach in their study.
Since I have shown a series of maps of N. China for the Shizitan case under LGM
conditions, I now only show the corresponding ones under modern climatic conditions,
representing the early Holocene. Readers can compare the maps under the two sets of
climatic conditions.
The Pleistocene-Holocene transition witnessed a dramatic change from glacial to
interglacial, especially after the Younger Dryas. The Terminal Pleistocene after the LGM
(starting at 15 ky uncal. BP), experienced several climatic phases of relatively warm and
cold periods (Chapter 3). The Younger Dryas is seen as a stimulus for food production in
N. China and the Near East (S.-Q. Chen, 2014). In this project, the maps of LGM climatic
conditions can be read similarly to those under Younger Dryas conditions, since
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paleoclimate data suggests that the Younger Dryas was associated with marine isotopic
values as low as those of the LGM, but during a much shorter time (about 1300 years,
12.9-11.6 ky cal. BP, or about 600 years, 10.8-10.2 ky uncal. BP) (Straus, 1996a; Straus
& Goebel, 2011).
Effective temperature dramatically increased and the isoline of the terrestrial plant
threshold (ET=12.75°C) moved northward, around which several sites with the best
evidence of food production are located (Nanzhuangtou, Zhuannian, and Donghulin) (Fig.
7.26). In contrast to the more localized and fragmentary distribution of growing season
isolines under LGM climatic conditions, the length of the growing season dramatically
increased, causing more gradual change along latitudes (34°N-40°N) under interglacial
conditions (Fig. 7.27), which could help in the formation of belts favorable for stable
plant growth and provide a good initial condition for cultivation. The increases of ET and
length of growing season resulted in increase of net above-ground productivity and
primary biomass (Fig. 7.28, Fig. 7.29). Secondary biomass also increased and the central
region moved northwest to the modern forest-steppe ecotone along the SW-NE China
line (see Fig. 5.7). Under modern climatic conditions (early Holocene), the three sites –
Nanzhuangtou, Zhuannian, and Donghulin – are all located at the edge of the zones with
high values of both primary and secondary biomass, i.e., the transition zone (Fig. 7.30).
This phenomenon matches the basic hypothesis advanced by Binford (1968a, 1983), that
early food production would appear in zones adjacent to areas with the most resources, as
a cultural adaptation after mobility declined or ceased to be effective to solve the
problems of population growth.
The Growth Rate Model also shows the replacement of hunting by gathering and
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aquatic resource use. Different from the maps under LGM climatic conditions, the
subsistence replacement indeed happened during the Pleistocene to Holocene transition –
Chen and Yu’s Paleolithic to Neolithic Transition. For northern China (above 30°N),
hunting in some places was replaced by the gathering of terrestrial plants (e.g., the
Gezishan site in Upper Yellow River Basin), by aquatic resource use (some sites in NE
China, such as the Houtaomuga and Shuangta sites), or by food production (i.e.,
Nanzhuangtou, Zhuannian, Donghulin, and other PNT sites, as well as the early Neolithic
sites) (Fig. 7.35). The hunters north to the Yanshan Mts. (north to the area of Beijing)
retained their hunting-dominated lifeways in a mixed economy with the aid of advanced
microblade technology (pencil-shaped microcores) during early and middle Holocene,
perhaps as specialized hunters who exchanged their games with neighboring
agriculturists, who were in turn finally replaced by pastoralism (about 1000 BC) (M.
Zhang, in review-b). The sites of Nanzhuangtou (NZT), Zhuannian (ZN), and Donghulin
(DHL) are all located in the boundary regions of combined hunting, gathering and fishing
under the packed population condition, suggesting that they needed to manage a
pluralistic subsistence style, a fact that is supported by the coexistence of hunting
weaponry (microblade-equipped), pottery, mortars and pestles, and polished tools at the
ZN and DHL sites. The lack of any microblade assemblage at the NZT site perhaps
resulted from the sampling representation of the excavated area (300 out of 2000 m2), or
a higher level of food production with a very low level of hunting activities. In addition,
evidence of hunting activity needs to become a further research focus, since some sites
are located near water systems and people are expected to have exploited some aquatic
resources.
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The increase of sedentary life also can be investigated from the viewpoint of a
macroecological approach, in terms of projected population density and expected
distance of residential movement per year. The three sites of NZT, ZN, DHL are located
at the 2/3 position of packing threshold, and the Bianbiandong (BBD) cave site is at the
packing threshold (Fig. 7.32). Thus, the people at the BBD site should have met
population pressure, while the occupants at sites NZT, ZN, and DHL might have
experienced population packing if they practiced hunting as their main subsistence mode,
during the early Holocene. If they were mobile hunter-gatherers, their mobility should
have dramatically decreased from 250/300-350 miles per year during the Younger Dryas
(see the EXDMOV1 under LGM climatic conditions), to 200-250 miles per year during
early Holocene (Fig. 7.33). If instead, they were sedentary hunter-gatherers, their
mobility only needed to be 20-40 miles per year during early Holocene (Fig. 7.36). For
the people who practiced cultivation, the decrease in mobility could provide them a
habitat where they could use low-energy food resources through dietary expansion and/or
intensification. So, zones with relatively lower primary and secondary biomass than
neighboring regions associated with optimal resource distribution could serve as new
locations in which daughter human groups could practice food production (Binford,
1968a, 1983: 195-213). The lifeways built on sedentism (decreased mobility) favored
durable ground/polished and expedient stone tools, rather than highly curated and formal
tools designed for highly mobile hunting, because the most important part of the
economy became plant resource-use and even cultivation (Andrefsky, 1994; Nelson,
1991), which can explain the disappearance of microblade assemblages in early Neolithic
sites in northern China.
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7.3.3 The Demise of Microblade-based Societies: A Preliminary Study on Microblade
Assemblages during Early Holocene
There are few published data on microblades or microcores in the Neolithic sites
(8,500-2,000 BP) of the Northern China cultural region. Although it can be explained as a
reporting bias of Neolithic archaeologists, in fact there may be a real absence or very few
microblades in the sites. In contrast, Holocene microblade assemblages have been
reported in some sites located on the Inner Mongolia Steppe, in NE and NW China, on
the Tibetan Plateau, and in some sites in SW China, all of which are frontier regions of
China. Details of the disappearance of microblade technology are little known, let alone
the process of the decline and disappearance of microblade-based societies. Among the
sites dated to the late PNT after the Younger Dryas event, only the Donghulin site has
seen detailed research in Tian-Xing Cui’s (2010) dissertation. Microblade assemblages
co-exist with ground stone and other percussion tools. Different from the classic
microblade technology at sites dated to terminal Pleistocene, such as Hutouliang (Zhu &
Gao, 2006), Lingjing (Z.-Y. Li, Li, & Kato, 2014), Yujiagou (Mei, 2007), and
Shuidonggou Loc. 12 (Yi, 2012; Yi, Gao, Wang, Pei, & Chen, 2015), the microcores at
the Donghulin site show great variety with unstandardized production methods (Cui used
many subtypes to classify them), some of which show expedient characters. The
degeneration of microblade production methods might be a result of the change to a
patchy environment composed of forest and grassland. Forest animals dominate the fauna
of the Donghulin site (Fig. 7.38), which might impede the use of weaponry equipped with
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microblades, since open landscape was disappearing and getting replaced by forest and
marshes, which favors alternative hunting technologies. Paleoethnobotanical research
suggests that the occupants at the Donghulin site intensified use of plant products.
Macrobotanical remains including Gramineae, Leguminosae, and Celtis sinensis, and
microbotanical remains (starch) on mortars and pestles including Triticeae and wild
foxtail millet (Setaria italic), imply a broad-spectrum economy and intensification.
Sedentism had been adopted by the late PNT occupants, which also reduced the use of
microblade technology designed for highly mobile lifeways.
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Figure 7.38 NISPs and MNIs of fauna at the Donghulin site (permission from
Tian-Xing Cui)
Note: red deer = Cervus elaphus; Bos = wild cattle

237

To sum up, the current published archaeological record is inadequate to explain the
cultural process of microblade technology disappearance in northern China. However, the
correlation between the decline of microblade-based societies and the rise of agriculture
is certain, and we need further detailed studies to build the links.

7.4 A New Frontier: Microblade-based Societies on the Tibetan Plateau
The Tibetan (Qingzang) Plateau is unique because it possesses the most vast and
continuous high-altitude setting in the world, with 1.25 million square kilometers at
elevations higher than 5,000 a.s.l., and 2.2 million square kilometer with average
elevations of 4,000 a.s.l.. The biggest challenge for human occupation of plateaux is the
effects of hypoxia, which is the reduced partial pressure of oxygen at elevations above
2500 a.s.l. (Aldenderfer, 2006a). As a consequence, populations have significantly lower
infant birth weights and concomitantly higher rates of infant mortality (Brutsaert, Araoz,
Soria, Spielvogel, & Haas, 2000; Madsen et al., 2006). From this standpoint, high
plateaux are not ideal regions for hunter-gatherers to live in, since the high mobility
lifeway on which foraging societies rely conflicts with the scarcity of oxygen, which is
why Sheng-Qian Chen (2014) argued that the first Tibetans were agriculturalists rather
than hunter-gatherers. In an earlier paper (M. Zhang, in review-a), I assessed two timely
issues – “the first Tibetans” and “why they moved to the Plateau”, by a comparative
study of the archaeological records of the Tibetan Plateau and the Andean Altiplano, the
occupants of which have developed long-term physical adaptations to high-altitude
hypoxia (Aldenderfer, 2006b). I suggest a culture-ecological approach to evaluate the
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possibility of survival based on hunting-gathering, and this part of the dissertation can be
seen as a continuation of that study. Before applying the macroecological approach which
is developed from cultural ecology, it is necessary to have a short summary of
archaeological record on the Tibetan Plateau.
7.4.1 Paleolithic and Neolithic on the Tibetan Plateau
During recent decades, archaeologists have found several sites and localities
containing percussion-knapped stone artifacts, but most of those that have been are
argued to be Paleolithic archaeological remains have been questioned, because of
unreliable associations between dated materials and artifacts or features left by
prehistoric occupants (S.-Q. Chen, 2014). The recent archaeological projects conducted
by the IVPP (led by Xing Gao) and American archaeologists, including David Madsen, P.
Jeffery Brantingham, and John Olsen, have provided adequate and reliable chronological
data on the human occupation near the Qinghai Lake during the Terminal Pleistocene
(Table. 7.14, Fig. 7.39), including sites Loc. 93-13, Heimahe, and Jiangxigou. However,
these discoveries are located at the margin of the Plateau, and archaeologists have not
found adequate evidence to argue that prehistoric foraging societies could establish
permanent occupations on the Plateau itself. It is reasonable to propose that they only
used the margins of the plateau seasonally or occasionally, at most during years when the
climate was not at its harshest.
The recent archaeological discovery at the Nyade (Nwya Devu) site opens a new
window to evaluate the question of the earliest human occupation of the inner Tibetan
Plateau. It is the only site with multiple cultural depositions that are fully dated by OSL
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due to the lack of organic materials. The discovery of 3,683 lithic artifacts, including
prismatic blade cores, shows that human rather than natural agents were responsible for
the archaeological site, although alluvial processes did intervene in minor ways. The
authors argue that this site was a workshop where people procured and knapped lithic
materials (X.-L. Zhang et al., 2018). If we accept their viewpoint that “modern humans
bearing an advanced blade technology occupied this high-altitude area at least ~40 to 30
ka ago” (X.-L. Zhang et al., 2018: 1050), the next research questions will be: (i) are old
dates of other sites located in interior Tibetan Plateau acceptable? (ii) if Paleolithic
humans did colonize the interior of the Tibetan Plateau, how can we explain the scarcity
of their occupations prior to the Holocene? (iii) did early foragers who successfully
formed stable cultural systems and strategies, permanently remain on the plateau during
the LGM by means of physical and/or cultural adaptations required by high-altitude
hypoxia, or did they abandon the region during the LGM? (iv) were the agriculturalists
who appeared in the Tibetan record during the Holocene their descendants? These
research questions need to be answered and more research projects need to be conducted
on the Plateau, to form a complete evidence chain and fully establish a strong argument
of early human occupation on the Tibetan Plateau as early as the late Pleistocene (MIS 3).
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Archaeological
site
Su’re

Chinese
name
苏热

Latitude

Longitude*

Artifacts and other remains

Chronology

Reference

87.13

Elevation
(m)
4500

28.65

Flake tools

MP, UP

31.583

89.367

4663

Silicolite flake tools

UP or Neolithic

多格则

30.833

87.05

4830

Flint, jasper, and agate flake
tools

LUP

Zhabu

扎布

33.333

81

4400

LUP or Mesolithic

Zhulele

朱乐勒

31.383

88.5

4800

Flint, jasper, and agate flake
tools
Microblade and flake tools

Selincuo Lake
Lingdongzade

色林错
伶侗杂
得地点

31.517

89.233

4600

flake industry, microblade
artifacts (collected)

S.-S. Zhang
(1976)
Qian, Wu, and
Huang (1988)
Z.-C. Liu, Wang,
Jiang, Qin, and
Wu (1986)
Z.-C. Liu et al.
(1986)
An, Yin, and Li
(1979)
B.-Y. Yuan,
Huang, and Zhang
(2007)

Geting

各听

Duogeze

Xiaochadan

小柴旦

37.4

95.56

3170

Loc. 93-13

93-13 地
点

36.5905

100.2965

3310

Quesang

曲桑

30.05

90.95

4200

160 pieces of lithic artifacts,
collected
Charcoal concentration and
heated fractured granite stream
cobbles
19 hand- and foot prints, hearth

Lenghu, Loc. 1

冷湖第 1
地点

38.85

93.41

2804

Levallois artifacts
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UP or early
Mesolithic
The earliest date
might be 40-30 kya,
but lithic artifacts
might not belong to
the same age
30 kya BP (?)
~14-~15 ky cal. BP

22 kya (OSL)
Ice wedge casts:
OSL to 14.9 – 1.5
ka) and TL to 18.51
– 22.2 ka
Archaeological
record: ca. 37.21 –
11.3 ka based on
radiocarbon dating
of carbonate from a
lake marl in the
same section

Huang, Chen, and
Yuan (1987)
Madsen et al.
(2006)
D. D. Zhang and
Li (2002)
Brantingham et al.
(2007)

Heimahe, Loc.
1

黑马河 1
号地点

36.73

99.77

3210

Microblade artifacts

Jiangxigou,
Loc. 1

江西沟 1
号地点

36.5905

100.2965

3300

Microblade artifacts, ash

Loc. 151

151 地点

36.5600

100.4745

3397

Late Pleistocene

Yantaidong

晏台东

36.8669

100.8783

3302

Xiadacuo
Loula Reservoir
site

夏达错
娄拉水
库地点
沟后 001
地点
下大武
地点

33.63
36.6380

79.73
100.8783

4350
3395

Lithic artifacts (including
microblades), charcoal, ash
piles, bone fragments
121 collected lithic artifacts
(including 15 microblades, 1
microcore), 10 hearths
Handaxe, cleaver
ash pile, microblade artifacts

36.17

100.73

3056

35

99.2

3992

冬给错
纳湖 1-5
号地点
甘孜炉
霍虾拉
沱（宜
木、亚巴
地点）
藏北尼
阿木底
遗址

35.33

98.57

4106

31.29

100.77

31.4721

88.8064

Gouhou,
Loc.001
Xiadawu

Dongjicuona
Lake, Loc.1-5
Luhuo
Xialatuo, Loc.
Yimu & Yaba

Nyade (Nwya
Devu)

11140±50 C14 BP
(beta 169902);
11,785-15310 yr cal
BP (sediment)
12470±60 C14 BP
(beta 208338)

Madsen et al.
(2006),
Brantingham et al.
(2007)
Madsen et al.
(2006), Y.-J. Sun,
Lai, Long, Liu,
and Fan (2010)
Yi et al. (2011)

Late Pleistocene?
(no absolute date)

Yi et al. (2011)

Lower Paleolithic
13 kya (?)

Huo (1994)
Yi et al. (2011)

Ash pile surrounded by cobbles,
microblade artifacts, burnt rocks
Microblade artifacts (including
microblades, microcores,
scrapers) (collected)
microblade artifacts (including
microblade, microcore, blade)
(collected)

Terminus post quem
10 kya
Date not published
yet

X. Gao, Zhou,
and Guan (2008)
X. Gao et al.
(2008)

Date not published
yet

X. Gao et al.
(2008)

4200

1 core, 1 flake, human teeth,
fauna; 2 pieces of handaxe
might have been discovered
here (Lower Paleolithic
according to the Tong 1989)

11500±200 C14 BP

Huo, Wang, and
Lv (2015: 68-69),
Tong (1989)

4583

11 Acheulean-like tools (9
hand-axes and 2 cleavers)
collected from more than tens of
thousands surface lithic artifacts
in the archaeological survey

Late Pleistocene

S.-J. Wang et al.
(2018)
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3124 artifacts in Layer 1, 223
artifacts in Layer 2, and 336
artifacts in Layer 3 from 20 m2,
including blade cores, flake
cores, blades, flakes, chunks,
and tools (scrapers, awls,
choppers, notches, and burins).
Blades were produced from
prismatic cores.
Layer 1: 51 flake cores, 75
blade cores, 1638 flakes, 398
flakes, 190 tools, 772 chunks
Layer 2: 5 blade cores, 73
flakes, 50 blades, 95 chunks;
Layer 3: 6 flake cores, 11 blade
cores, 103 flakes, 51 tools, 160
chunks

OSL dates:
Layer 1: ~3.6±0.3
ka
Layer 2: 24.7±1.9
ka – 18.7±1.5 ka
Layer 3: 44.8±4.1
ka – 26.7±2.2 ka

X.-L. Zhang et al.
(2018)

Table 7.14 Paleolithic sites on the Tibetan Plateau, dated to and/or estimated to be Pleistocene
Notes:
* Source of coordinates, except those in the reference
Su’re: Using data of Dingri County
Xiaochadan: Using data south to the Xiaochadan Lake
Loc. 93-13: Using data of Jiangxigou Loc.2
Jiangxigou, Loc. 1: Using data of Jiangxigou Loc.2
Xiadacuo: Estimated position NE coast of the Xiadacuo Lake
Gouhou, Loc.001: Estimated position around the reservoir
Xiadawu: Using data of Xiadawu town
Dongjicuona Lake, Loc.1-5: Estimated position NE bank of the lake
Luhuo Xialatuo, Loc. Yimu & Yaba: Using data of Xialatuo village
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The sites only associated with lithic artifacts and dated to the early Holocene are
categorized as Epipaleolithic sites in this project, rather than Mesolithic because of the
lack of evidence for aquatic resource use (D.-J. Zhang et al., 2016). Those sites
associated with microblade assemblages are summarized in Table 7.15 and mapped in
Fig. 7.40. These sites are recently discovered and excavated, and only partial information
has been published. The microcores found at the sites in the Deng’eque Valley
(Canxionggashuo, Xiqiongda, Jiaokao, Gaqiong, and Guwoda) used flakes as blanks,
showing some forms with platform rejuvenation, but without bifacial preparation.
Archaeologists who conducted the excavations state that the raw materials (five types of
cryptocrystalline silicates account for the majority), probably came from the banks of the
Tongtianhe River (the source of the Yellow River) near the sites (Han et al., 2018).
Similar types of microcores are also found at the Yeniugou site Loc. 1, where they are
associated with two hearths. The leaders of the excavation stress that this locality
represents a temporary camp because of a loose ash layer (7-20 cm) without charcoal or
other inclusions (suggesting herbaceous plants only used as fuel) (H.-S. Tang, Zhou, Li,
& Liang, 2013). If their judgement is right, the early Holocene sites seem to suggest a
mobile lifeway, but carried out in a small territory. They used local lithic raw materials to
produce microblades following similar production methods. More evidence is needed to
form reliable and strong conclusions.
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Archaeological
sites
Jiangxigou, Loc.2

Chinese
name
江西沟 2 号
地点

Latitude

Longitude

36.5905

100.2965

Elevation
(m)
3309

Artifacts

Chronology

Reference

Layer 2a: 4,850±40 uncal.
BP
Layers 2a&2b: 8000-6000
cal. BP
Layer 3: 8,170±50 uncal. BP

Yi et al.
(2011)

4016

Layer 2a: microblade, burnt
rock, bone fragments;
Layer 2b: lithic artifacts, burnt
rock, bone fragments
Layer 3: lithic artifacts
Layers 2&3: microblade,
blade, blade-like flake, flake
Microblade artifacts (cores)

Canxionggashuo

参雄尕朔

33.8

96.033

8,000-7,000 BP

96.05

4023

Microblade artifacts (cores)

8,000-7,000 BP

33.76

95.95

4102

Microblade artifacts (cores)

8,000-7,000 BP

尕琼

33.77

95.98

4074

Microblade artifacts (cores)

8,000-7,000 BP

Guwoda

古沃达

33.73

95.93

4106

Microblade artifacts (cores)

8,000-7,000 BP

Yejiugou, Loc.1

野牛沟第 1
地点

35.883

94.250

3800

Microblade artifacts (10
microcores, 17 microblades),
scrapers, points, ported rocks;
2 hearths

Around 7,500 cal. BP
(7,515±40, 7,675±40,
7,475±40 BP, all calibrated,
using charcoal of two
heaths)

Han et al.
(2018)
Han et al.
(2018)
Han et al.
(2018)
Han et al.
(2018)
Han et al.
(2018)
H.-S. Tang et
al. (2013)

Xiqiongda

西琼达

33.8

Jiaokao

角考

Gaqiong

Table 7.15 Epipaleolithic sites on the Tibetan Plateau dated to the early Holocene
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The occupation of the Tibetan Plateau by hunter-gatherers is still a controversial
issue, because of the small number of systematic studies of chronology, functional
connections among artifacts and features, and formation processes of archaeological sites.
The process of colonization remains speculative, and needs further evidence to test,
including the possibility of movements from every direction up from the edges of the
plateau, rather than only from the northeast where it is connected with the region of N.
China (Brantingham et al., 2003; Lv, 2014; D.-J. Zhang et al., 2016). In contrast, the
evidence of occupation by early agriculturalists is much clearer. The Ganqing
(Gansu-Qinghai) cultural region has been recognized by Johan Gunnar Andersen since
the 1920s, and it is argued to be a part of Yangshao cultural territory along the Yellow
River Valley (S.-N. Ren & Wu, 2010). This dissertation only focuses on the early
Neolithic sites in the interior of the Tibetan Plateau, since they represent the full
colonization of the Plateau. Until now, two sites have been carefully excavated – the
Karuo site and the Qugong site – and their detailed results have been published in
excavation reports (XW-G & SL, 1985; ZSK & XW, 1999). Another three sites listed in
Table 7.16, including Jiaritang, Changguogou, and Xiaoenda, are published in
preliminary excavation reports (J.-B. Chen, 1999; J.-Z. Liu & Zhao, 1999; XW, SL, &
SK, 2005). In addition to these sites that have definite information on content and
chronology, archaeologists know little about other sites, which are not covered in this
project. The sites in Table 7.16 are located in two regions, the Hengduan Mts (E. Tibet)
and the Lasa River Valley (S. Tibet), which have been categorized into two
archaeological cultures – the Karuo culture and the Qugong culture. S.-N. Ren and Wu
(2010: 723-735) summarized archaeological knowledge of the two cultures and their
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common features, including economy, “millet, qingke (hulless barley on the Tibetan
Plateau, Hordeum vulgare), yak, Tibetan sheep, dog and pig in Karuo and Qugong
cultures which are the known main contents of early agriculture-pastoralism on the
Tibetan Plateau” (p. 733). Combining the evidence of domesticated species, artifacts, and
features (Table 7.16), we can imagine a picture in which microblade assemblages are
associated with pottery, ground stone tools, sedentary features, and domesticated plants
and animals. As argued above, microblade assemblages represent a highly mobile lifeway,
while ground stone, pottery and permanent features are indicators of sedentism, but they
coexist on the Tibetan Plateau. How to explain this unexpected co-existence?
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Coordinate

Artifacts
E

Features

Neolithic sites

Latitude Longitude Altitude*

A

B

C

D

F

G

Jiaritang

30.11

90.54

4234

1

1

1

1

1

Changguogou** 29.37

91.15

3570

1

1

1

1

1

1

Karuo

31.077

97.195

3100

1

1

1

1

1

1

1

Qugong

29.697

91.1387

3680

1

1

1

1

1

1

1

Xiaoenda

31.157

97.116

3140

1

1

1

1

1

H

1

I

J

1

1

1

1

K

L

M

N
1

1

1
1

1

1

1

1

1

1

Table 7.16 Neolithic sites on the Tibetan Plateau
Notes:
The row: A= microblade, B= pottery, C= mortar (millstone), D= pestle (millstick), E= adze, F= flake tool, G= polished tool, H= bone
tool, I= hearth, J= stone floor feature, K= structure, L= grave, M= ceremony feature, N= pit
1= present
* meters a.s.l.
** deposits of the Changguogou site are heavily eroded, so no feature is visible, and all the artifacts were collected on the surface.
Chronology and references:
5150-4850 BP (original 3200-2900 BC)
Jiaritang 加日塘
Changguogou 昌果沟 2900-3050 BP (as early as 3370 cal. BP)
5000-4000 BP, further divided into 3 phases
Karuo 卡若
according to calibrated 41 C14 data:
3380-3296 BC, 3030-2850 BC, and 2580-2450 BC
3950-3450 BP (original 2000-1500 BC)
Qutong 曲贡
4000 BP, 3775±80 uncal. BP (charcoal from House 2)
Xiaoenda 小恩达
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XW et al. 2005 (XW et al., 2005), Huo (2013)
J.-Z. Liu and Zhao (1999)
XW-G and SL (1985)

ZSK and XW (1999)
J.-B. Chen (1999)

7.4.2 A Macroecological Approach
This project uses a macroecological approach to provide a potential explanatory
framework for the archaeological record during the Late Upper Paleolithic (Late
Pleistocene), Epipaleolithic (early Holocene), and Neolithic (middle Holocene). However,
before applying the reference of framework to the Tibetan record, two issues need to be
pointed out. First, there is no ethnographic projection matching the environment of the
Tibetan Plateau. Although ethnographic information on the highlands in the Rocky
Mountains, the Andean highlands, and upland Eastern Africa can be used as references,
the uniqueness of the Tibetan plateau makes the projections by analogy severely
unreliable. Second, no weather station data are available from some regions on the
Tibetan Plateau (Fig. 7.41), especially the NW region, and there are only a few stations
along the Himalayan Mountains. Using the available data would produce maps with
strange patterns for the NE Tibetan Plateau, because the calculation in the GIS program
depends on the input data. Thus, the application of Binford’s frames of reference is much
more limited for the Tibetan Plateau than other case studies in this chapter. The
Minimalist Terrestrial Model is the one which is expected to provide useful reference,
because it is only dependent on variables linked to the natural environment.

(1) The sites during the Late Pleistocene
Though there are debates about the reliability of the dates and their association with
human activity on the Tibetan Plateau, especially those dated to the LGM or earlier. It is
reasonable to use the maps produced under LGM climatic conditions to assess the
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possibility of an early occupation on the Tibetan Plateau by hunter-gatherers during the
Last Ice Age in the glacial environment. Different from other regions in the same latitude
range, the Tibetan Plateau is associated with very low effective temperature (ET<11.53°C,
under the subpolar bottleneck), and the expected subsistence specialization in the
Minimalist Terrestrial Model is dominant because the region was uninhabited (Fig. 7.42).
It is of note that the environments of some regions, including the Qinghai Lake, the
Hengduan Mts., and the Yaluzangbu (Yarlung Zangbo) River Basin, allowed for people
who specialized on hunting. Some sites associated with reliable evidence of human
occupation are located in the Qinghai Lake Basin at the NE edge of the Tibetan Plateau.
The possibility of human occupations on the Hengduan Mts. and in the Yaluzangbu River
Basin needs further evaluation, because the potential colonization routes are impeded by
high mountains or wide rivers.
To assess the resources available to people who are expected to have depended on
terrestrial animals, the map of secondary biomass (EXPREY) under LGM climatic
conditions is displayed in Figure 7.43. It shows that there are two regions associated with
higher values of secondary biomass – the NE and SE edges of the plateau, matching the
regions that allowed for hunting as the expected subsistence specialization in the
Minimalist Terrestrial Model.
Thus, the occupation of the Tibetan Plateau by prehistoric hunter-gatherers was
possible under glacial climatic conditions. However, the effects of hypoxia should be
taken into consideration (Beall, 2001; Morgan, et al. 2017; Simonson, 2015). The
decrease of primary and secondary biomass required people keep a high mobility (Fig.
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7.44), but the impact of hypoxia impeded them from increasing their high-mobility
lifeways, because active game-pursuit hunting could greatly consume oxygen even for
the modern Tibetans. The foraging societies might have favored ambush hunting using
long-distance hunting weaponry (such as relatively accurate and light-weight
microblade-equipped projectiles) as a less expensive strategy, which could help humans
to balance hunting activity and the effects of hypoxia, but archaeologists need to find
hunting blinds, such as rock walls at strategic choke points that funneled game
movements, to support this hypothesis. The occupation on the bank of Qinghai Lake in
the NE Tibetan Plateau might have been long-term or seasonal, but this hypothesis needs
further evidence in order to be tested convincingly.

(2) Epipaleolithic Hunter-Gatherers
This project uses the same maps under modern climatic conditions for the
Epipaleolithic hunter-gatherers and Neolithic agriculturalists, because both groups of
sites are dated to the early Holocene. Modern climatic conditions are used as coarse
referential climate background for both cultural periods.
The Epipaleolithic sites are associated with low effective temperature (Fig.7.45) and
short growing seasons (Fig. 7.46), which resulted in a low level of plant growth (Fig. 7.47)
and also low primary biomass (Fig. 7.48), though these values are higher than those
under LGM climatic conditions. The sites tend to be located in the regions associated
with higher secondary biomass (Fig. 7.49) and people employed a higher mobility
strategy (Fig. 7.50). In the Minimalist Terrestrial Model, the Qinghai Lake and Deng’equ
regions are expected to have been occupied by groups specialized in hunting, while the
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region where the Yeniugou site is located is expected to have been inhabited (Fig. 7.51).
To sum up, if the Tibetan Plateau became occupied by hunter-gatherers purely dependent
on terrestrial resources, most groups should have been dependent on hunting (Fig. 7.52).
The hypothesis proposed earlier that the hunter-gatherers on the Tibetan Plateau
during early Holocene could have been practicing a mobile lifeway, but in small
territories, is supported from the macroecological viewpoint. They had to heavily depend
on terrestrial animals with the aid of a microblade technology. The effects of hypoxia
might have force them to live in small territories, making full recolonization based on
hunting-gathering difficult.

(3) Neolithic agriculturalists
The five Neolithic sites are all located in the region with low effective temperature,
under conditions of Binford’s subpolar bottleneck, and with short growing seasons (the
Karuo culture with 5-6 month, and the Qugong culture 3-4 month growing seasons)
(Fig.7.45 and Fig. 7.46). Values of net above-ground productivity and primary biomass in
these two cultural regions are also low, though they are higher than those in the
neighboring regions on the NW Tibet Plateau (Fig. 7.47 and Fig. 7.48). It seems that the
Plateau was not a good place for hunter-gatherers specializing in plant resources. But, it
is suitable for agriculture, because of the advantages pointed out by Sheng-Qian Chen
(2014: 315): (i) strong solar radiation and more ultraviolet and infrared lights which are
good for plant growth, (ii) little annual difference of temperature, the same seasons of
high temperature and rain, and low evaporation provide crops with adequate energy and
water, (iii) high daily difference in temperature allows for a high rate of carbohydrate
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synthesis, which could greatly increase crop productivity.
Unlike the low values of primary biomass, the Tibetan plateau, especially in eastern
Tibet, possesses high secondary biomass in terms of ungulates (Fig. 7.49). Just as argued
above, the effects of hypoxia could force people to increase their mobility to hunt them.
In the Minimalist Terrestrial Model, these cultural regions are dominated by hunting, and
the foraging societies should have very high percentages of hunting activities within their
overall subsistence strategy. It provides an explanation as to why the sites even in
agricultural societies have a certain amount of microblades and microcores, because the
open landscapes were suitable for long-distance spearthrower hunting, especially if
people adopted ambush hunting rather than active pursuit hunting near their farm land.
The distribution of biomass and inferred subsistence specialization in the Minimalist
Terrestrial Model suggest a mixed economy in the interior Tibetan Plateau during the
Neolithic, especially in the river valleys: agricultural products provided basic food
requirements, while hunting provided supplementary food. The co-existence of
microblade assemblages and ground stone tools, pottery, permanent features, and
domesticated species suggests a combination of hunting-gathering and farming. The
contrasting lifeways between high-mobility and sedentism might be explained by sexual
labor division – i.e., women in charge of agricultural food production and men in charge
of hunting wild animals. Taking into consideration the effects of hypoxia, they might
have adopted ambush hunting (with blinds) and hunting with facilities, such as traps or
nets. However, these hypotheses need further evidence in order to be credibly tested.
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7.5 Summary
By conducting four case studies across NE Asia, various trajectories of cultural
change during the Pleistocene to Holocene transition have been illustrated in this chapter,
and they could be partly explained within the macroecological approach based on
Binford’s (2001) Constructing Frames of Reference. Connecting with the two case
studies discussed in the previous chapter on the “refugium model”, these two chapters
provide the overall picture of variation and change among microblade-based societies in
NE Asia from the end of MIS 3 to the beginning of MIS 1. They demonstrate the great
potential of a macroecological approach to address big questions in archaeology,
especially on the issues of cultural variation and change associated with prehistoric
hunter-gatherers. They do so far more convincingly than the culture-historical narrative
approach, which has been employed by Paleolithic archaeologists in the last one hundred
years, in particular in the case of China.
The case studies in this dissertation do not cover all the culture-ecological regions of
NE Asia. For example, the Inner Asia region has not been discussed. The key factor
influencing the lifeways of prehistoric hunter-gatherers there might have been the
distribution of potable water, especially subsurface streams. Unfortunately, no doubt,
many ancient, now-underground rivers in the deserts of Inner Asia have not yet been
discovered or fully studied, stripping the culture-ecological approach of much-needed
effective information. It is questionable to use Binford’s frames of reference for the
microblade-based societies in Inner Asia, because the variables are linked to solar
radiation, rainfall, and carbon dioxide, and these variables do not closely link with
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subsurface stream systems. Such a case study could be conducted in further research
projects, to assess the effectiveness of a macroecological approach.
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CHAPTER 8
Conclusions

Human follows earth, earth follows sky, sky follows laws, and laws follow nature.
– The Tao Te Ching: Chapter 25

The above quotation of the first Taoist script The Tao Te Ching (the Eastern Zhou
Dynasty) suggests close connections among human behavior, subsistence resources, and
climate, and they all are constrained by laws of nature. Just as “the Master” in Flannery’s
(1986) Guila Naquitz said, “in the Orient, we believe that the most important human
attribute is humility” (p.519). The microblade-based societies in NE Asia, as organized
prehistoric hunter-gatherers, changed their strategies through time, with regional
variability following environmental change during the transition from MIS 3 to MIS 1,
through the harsh crises of MIS 2. They maintained humility within the bounds of the
laws of nature. The macroecological approach adopted in this dissertation follows the
logic that human cultural adaptation is constrained by the resources in hand, and people
use their existing knowledge to deal with change.

8.1 Summary of the Dissertation
Before applying the macroecological approach, I set a stage for current knowledge
on microblade technology and geographic settings (Chapter 2). First of all, this
dissertation challenges the mainstream technologically- and typologically- oriented
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paradigm. Most archaeologists have been continued to employ the culture-historical
approach, paying a great amount of attention to microcore types and microblade
producing methods, and using human migration and cultural diffusion to explain
technological change. The functionalist approach raised in the volume Thinking Small
(Elston & Kuhn, 2002), composed of experimental archaeology and use-wear studies (eg.
Iwase et al., 2016; Sano et al., 2016) does provide information on the advantages of
microblade technology, but it fails to provide a macroscale framework within which to
study regional variation and technological change of microblade technology in NE Asia.
To effectively study cultural change among prehistoric foraging societies equipped
with microblade technology, I proposed a new concept of “microblade-based societies” to
synthesize the variation and change of the socio-technologically adaptive strategies of
people in Last Glacial and early Post-Glacial NE Asia in a temporo-spatial framework
(Chapter 3). According to currently available knowledge, and assuming that
paleoenvironmental change during the LGM and the Pleistocene-Holocene transition
motivated technological change, I divided the record of Paleolithic and Mesolithic
microblade-based societies in NE Asia into four phases in four major regions. The four
phases include the pre-LGM, LGM and early post-LGM Pleistocene, Terminal
Pleistocene, and early Holocene, while the four regions are the northern and southern
sectors of the continental part of NE Asia (with a boundary zone between 40°N and
42.6°N), as well as a northern island region (the PSHK Peninsula) and the southern island
one (the Paleo-Honshu Island).
The macroecological approach provided me a tool with which to study variation and
change among microblade-based societies in NE Asia. It derives from Binford’s (2001)
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Constructing Frames of Reference, which shines light into the mysterious black box of
the nature of the actual impact of the environmental deterioration of the LGM on the lives
of prehistoric hunter-gatherers. Analysis of a series of variables calculated from the
EnvCalc2.1 program developed by Binford and Johnson (2014) shows significant
differences between modern-like and LGM climatic conditions (these being climatic
proxies of interglacial and glacial periods) by means of a number of maps, including ones
on (i) climate, biomes, and habitat; (ii) the Minimalist Terrestrial Model; (iii)
ethnographic projections; and (iv) the Growth Rate Model (Chapters 4 and 5). The
macroecological approach adds the third dimension to technological organization and
paleoenvironmental studies (Robinson & Sellet, 2018). This framework shows greater
potential to study the dynamics of cultural change that lay behind microblade technology
and even global microlithization. My research focuses on two waves of cultural change.
The first wave was the formation and convergence of microblade-based societies (in
MIS 3 to MIS 2, Phase I to Phase II). The dissertation presents two regions – the
“Southern Siberia Belt” and Northern China – as examples with which to rethink the
“refugium model” generally linked to the culture-historical paradigm (Chapter 6). The
"refugium model" suggests movements of foraging societies from the Transbaikal
eastward to the PSHK Peninsula and to North China at the beginning of the LGM.
Environmental deterioration and human migration are argued here to be the main drivers
of cultural and technological change. Results from use of Binford's model of ungulate
biomass suggest that refugia did not exist in the PSHK Peninsula, thus origins of
microblade technology involved a more complicated cultural process. The appearance of
microblade-based societies in NE Asia is not necessarily explained by human migration
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from the Altai Mountains or the Transbaikal, since the shrinkage of ungulate biomass
under environmental pressure and the traditions of previous technologies could provide
adaptive advantages for people equipped with microblade-based weaponry. Viewing the
appearance of microblade technology as a cultural process, rather than an historical event,
can help archaeologists better explore these dynamics.
The second wave of change was the development and finally divergence of
microblade-based societies (MIS 2 to MIS 1, Phases II and III to Phase IV). Four regions,
including the Japanese Archipelago, E. Siberia, N. China, and the Tibetan Plateau, were
studied against the background of the Paleolithic to Neolithic transition (Chapter 7). The
macroecological maps based on the two climatic conditions show the trend of climatic
amelioration, including effective temperature, growing season, net above-ground
productivity, and primary and secondary biomass. The “Jomon Revolution” on the
Japanese Archipelago shows a SW to NE trend of cultural change including the
disappearance of microblade technology, the adoption of pottery technology, and the use
of pit dwellings. The macroecological approach suggests that people turned from a
hunting-based economy in the Minimalist Terrestrial Model to a fishing-based economy
within the parameters of the ethnographic projections, especially under the early
Holocene climatic conditions. The Growth Rate Model also indicates that under
population pressure, people would turn to gathering and fishing from hunting. Thus, the
macroecological approach provides a background to explore ecological connections
between the Pleistocene to Holocene transition and the adaptive change from highly
mobile, microblade-based foraging societies to more sedentary Jomon pre-agricultural
ones. The Paleolithic to Neolithic transition in Eastern Siberia and its neighboring regions
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was studied as the second case study. I focus on the transition from the LUP (the Dyuktai
complex) to the Mesolithic (the Sumnagin complex), showing replacement of microblade
technology by pressure blade technology, appearance of early pottery, transition from
high-mobility

lifeways

to

sedentism

or

semi-sedentism,

and

change

from

hunting-dominated subsistence to mixed economy. The macroecological maps show that
climatic amelioration resulted in an increase of accessible food resources, but the people
needed to depend heavily on terrestrial hunting in the harsh environments of E. Siberia.
However, the foraging societies in the coastal regions (especially the coasts of the Sea of
Japan) are expected to have employed a hunting-and-fishing-dominated subsistence, with
higher and fully packed population density than in previous times. The adoption of at
least a semi-sedentary lifeway also formed a necessary precondition for innovating the
pressure-produced lithic technology by using devices and implements to produce much
more highly standardized blades, and for using pottery to process and store food. The
above two case studies share a similar trajectory of cultural change, from highly mobile
LUP hunting-gathering lifeways to intensified hunting-gathering lifeways, with which
Incipient Jomon Japan had higher percentages of plant use than at Sumnagin in E.
Siberia.
The two case studies in China are linked to the adoption of food production during
the Pleistocene to Holocene transition, including Northern China and the Tibetan Plateau.
Northern China is a region associated with evidence of early plant use and an in situ
development of agriculture. It also witnessed the decline of microblade technology during
the early Holocene. Based on the calculated results in the EnvCalc2.1 program under
LGM climatic conditions, especially the variables BIO5 (primary biomass), WDEN
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(projected density) and EXGRP3 (annual or several-year aggregation size), the plant use
at the Shizitan site might not be linked with resource intensification, but rather with
social group aggregation in a region with relatively high productivity of plant resources.
However, the sites dated to the Pleistocene-Holocene transition experienced Paleolithic to
Neolithic technological and economic transitions, marked by use of pottery, appearance
of permanent settlements, and widespread adoption of ground stone tools. The broad
spectrum revolution and subsistence intensification can be explained within the
framework of the macroecological approach; the replacement of hunting-dominated
economy by gathering-and/or-fishing-dominated economy is linked with population
growth during the interglacial or interstadial periods, matching the maps under the packed
condition of regional population. Decreased mobility also provided the occupants an
opportunity to use low-energy food resources through dietary expansion and/or
intensification. Against this background, microblade-based weaponry became less
significant in daily life due to the previously open landscape becoming more closed and
thus leading to a decrease in the density of large herd ungulates, and durable
ground/polished and expedient stone tools were favored. The last stage in N. China is the
disappearance of microblade technology. At present, there are very few publications on
this period but the microblade assemblages at the Donghulin site show much less
standardization on microblade production. This might be linked with the full adaptation
of sedentary lifeways and significant decrease of wild ungulates during the Neolithic. The
occupation of the Tibetan Plateau can be seen as an expansion of human territory to high
altitude habitats. First, I examined the possibility of colonization of the Plateau under
LGM climatic conditions. Maps of EXPREY (secondary biomass) and SUBSPX2
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(subsistence specialization in the Minimalist Terrestrial Model) show that conditions on
the NE and SE edges of the plateau did allow prehistoric foraging societies to occupy
such areas with high mobility. Similarly, Epipaleolithic hunter-gatherers could also have
used similar strategies. They had to live in small territories and employ short-distance
movements to decrease the effect of hypoxia. The adoption of agriculture during the
Neolithic helped the residents fully exploit the interior of the Tibetan Plateau. With the
aid of agricultural products as stable food resources, the farmers could effectively use the
wild ungulates of the Plateau via ambush hunting in those areas with high secondary
biomass density. The co-existence of microblade assemblages and ground stone tools,
pottery, permanent features, and domesticated plants and animals can be explained as
archaeological products of the people associated with a combination of hunting-gathering
and farming economy. Thus, the two case studies in China illustrate scenarios for the
transition from foraging to early farming, for which the macroecological approach
provides a tool to study the Paleolithic to Neolithic transition among microblade-based
societies.
To sum up, the six case studies of microblade-based societies in NE Asia display the
great power of the macroecological approach. I argue that it is much more productive and
explanatory than the previous studies of the microblade phenomenon. By constructing
strong culture-ecological connections among aspects of paleoclimate, lithic technology,
and behaviors of hunter-gatherers, the macroecological approach not only has challenged
the mainstream migrationist and diffusionist explanations of microblade technology, but
also provides new clues with which to investigate the nature of cultural and technological
change of prehistoric hunter-gatherers during the late Pleistocene and early Holocene.
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8.2 Significance and Future Research
The macroecological approach adopted in this dissertation opens a new window for
the study of important, long-lasting and still cutting-edge questions. Since it seems to
have succeeded here in the case studies of microblade-based societies in NE Asia, the
macroecological approach might contribute some clues and new perspectives on global
microlithization (Elston & Kuhn, 2002). The high-latitude regions (e.g., N. Eurasia,
Beringia) were especially heavily impacted by the LGM, while the low-latitude zones
(e.g., Africa, SW Asia, the circum-Mediterranean, and Australia) were not so strongly
affected (Gamble & Soffer, 1990b; Soffer & Gamble, 1990). So, how did humans during
the late Pleistocene survive under different circumstances? How can one assess the link
between technological innovation (including microliths, bladelets, and microblades) and
environmental change? There should be multiple explanations for the global
microlithization phenomenon, and the macroecological approach is expected to provide
new viewpoints on the possible behaviors and social organizations of prehistoric
hunter-gatherers in each region. Another related specific research question is on “the First
Americans”. The case study in the dissertation on E. Siberia suggests that during the
post-LGM climate amelioration, foraging societies in the “Southern Siberia Belt”
(re-)colonized the Subarctic and Arctic regions as a niche-filling process. The
archaeological record suggests that the first microblade assemblages with acceptable
radiocarbon dates in the New World are dated to 11,600 or 12,360 uncal. BP (Bever, 2006;
Ikawa-Smith, 2007; Magne & Fedje, 2007) – after an initial peopling of America. This is
named by some the “Paleoarctic Tradition”. The Paleoarctic (Denali) and Paleoindian
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(Nenana) traditions met in E. Beringia (the Paleoarctic expanded westward from Siberia
through the Bering Land Bridge, while the Paleoindian tradition spread NE from the US
Great Plains through the ice free corridor) (Hoffecker & Elias, 2007; Holmes, 2001). The
coexistence of the two cultural traditions is explained within a framework of human
migrationist and ethnic group difference (Goebel & Buvit, 2011a). Similarly, the
microblade assemblages are argued to be either diagnostic artifacts left by discrete ethnic
groups (Na-Dene?) or products of human adaptation linked to hunting in cold northern
environments against the background of relatively scarce lithic raw materials especially
in winter (Yesner & Pearson, 2002). The macroecological approach adopted in this
dissertation could be expected to provide a background of food resource distribution
during the glacial and interglacial periods in Beringia by mapping archaeological sites in
the macroecological maps, helping archaeologists assess the impacts of environmental
change on human hunting activities, social aggregation, and mobility patterns. The results
can be used as a reference of locally accessible plant and animal resources combining
with lithic raw material distribution and geographic features, with which to study lithic
technological organization of hunter-gatherers equipped with or without microblade
technology.
To achieve higher-quality archaeological understanding of the microblade-based
societies of the Late Pleistocene and Early Holocene of NE Asia with the aid of the
macroecological approach, it is necessary to establish a standardized lithic classification
system among archaeologists in the northern circum-Pacific. Although several
archaeologists have initiated international collaborative projects (Z.-Y. Li et al., 2014)
and have begun to synthesize interassemblage variability on a sub-continental scale (C.
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Chen, 1992; Gómez Coutouly, 2011; Ikawa-Smith, 2007; Kuzmin et al., 2007b), an
agreement on standardized classification system like the Bordesian systems for the
Middle and Upper Paleolithic of Europe has not yet been created. This would need to
include microcores and their byproducts, as well as other artifacts, such as various kinds
of scrapers, burins, knives, and points. Communication difficulties due to language and
nation-state boundaries have been serious issues, while the lack of willingness to build
intra- and inter-continental-scale temporo-spatial frameworks might be even more
significant factors. Some archaeologists have synthesized lithic assemblages at national
or regional levels, including Japan (Takashi Tsutsumi, 2003), Siberia (Kimura, 1999a, b),
and N. and S. Korea (Jang, 2007), and their terminologies cannot be matched well
enough to form a unified synthetic table to make comparisons across all of NE Asia. I
have developed a spreadsheet on microblade assemblages in China, but the existence of
more than 200 types of tools in the original documents makes it impossible to bring sense
to an overall understanding of interassemblage variability due to the individuality of
researchers and their personal classifications, let alone the real possibility of some
misclassification. During the coming decades, it will be necessary to build a standardized
classification system to categorize lithic artifacts unearthed from each site.
The macroecological approach is anthropology-oriented, which means effectively
linking technological organization with evidence of paleoenvironmental change to
reconstruct the lifeways of prehistoric hunter-gatherers and to understand cultural
changes in the past. Unfortunately, living peoples have given up microblade technology
thousands of years ago and all the functions of microblades are still unclear, especially as
to what roles microblade-equipped tools may have played in each site if the supporting
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haft element of each kind of tool or weapon was not well preserved, which is very
common in NE Asia except under exceptional preservation conditions. Controlled
experiments and usewear analyses may help archaeologists distinguish microblades used
for hunting from those used for plant harvesting. Some archaeologists have started to
conduct relevant projects (Iovita & Sano, 2016), and this approach is expected to further
develop functional research following the publication of the seminal volume, Thinking
Small (Elston & Kuhn, 2002). From the viewpoint of the functional approach combined
with study of site formation processes, it is possible to clarify functional variability
among archaeological sites associated with microblade assemblages (S.-Q. Chen, 2008a).
Furthermore, the advantage of the macroecological approach in cross-cultural
comparisons on a large geographic scale is expected to provide fresh ideas on cultural
changes linked to the foraging to farming transition, especially after incorporating
comparative paleoclimate datasets. These cultural changes are closely linked to the
phenomenon of global microlithization toward the end of the Pleistocene It is necessary
to expand the macroecological approach in the study of microblade-based societies to the
dynamics of socio-technological systems evolution and associated social changes from
foraging to farming societies, exploring the ways in which weaponry possibly played a
role in the negotiation of social relationships (Summers, 2005). Social competition,
conflict, and cooperation are linked with formation of territoriality due to the
establishment of sedentism (Dyson-Hudson & Smith, 1978). Patterns of information
exchange and food webs dramatically changed after some groups, based on food
production, practiced closed social networks and permeant land tenure. Cultural change is
dynamic, nonlinear, and interactive; the structure of societies is heterogeneous; and
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technological changes can be explored as emergent processes rather than as historic
events. The transition to farming represents a fundamental change of subsistence,
organization and ideology in relation to the natural environment, which constitutes
radical transformation of cultural systems. The division of labor is argued to have also
been modified due to greater dependence on terrestrial domesticated plants and/or aquatic
resources, while terrestrial animal hunting became less significant (Binford, 2001; Kelly,
2013). Social conflicts increased among sedentary groups and between agriculturalists
and H-G groups, likely because of land-tenure issues and fragmentation of foraging
habitats related in part to increased population densities and tightened territorial
boundaries. A combination of the macroecological approach and multi-variable
macroevolutionary approach can foment the proposing of hypotheses and a new use
archaeological data to test them. This can provide new “big historic” perspectives on the
Neolithic Revolution and global microlithization (Krakauer, Gaddis, & Pomeranz, 2017).
To conclude, in the future, it would be worth trying to expand the macroecological
approach to other regions linked to microblade-based societies in NE Asia and integrate
this approach with other theoretical frameworks, such as agent-based modeling,
complexity theory and modelling, materiality, and human behavioral ecology, to provide
a global model to study the global microlithization phenomenon, and to systematically
examine adaptations of prehistoric hunter-gatherers over the course of the Late
Pleistocene and early Holocene worldwide.
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APPENDIX A
Maps and SPSS figures are used in this dissertation

All the numbers of maps and SPSS figures follow the sequence of figures in the text.
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Figure 2.4 Geographic features of Northeast Asia
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Figure 3.1 Modern Vegetation of NE Asia
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Notes:
a. Codes of vegetation types, according to the database http://maps.tnc.org/index.html
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Tropical and Subtropical Moist Broadleaf Forests
Tropical and Subtropical Dry Broadleaf Forests
Tropical and Subtropical Coniferous Forests
Temperate Broadleaf and Mixed Forests
Temperate Conifer Forests
Boreal Forests/Taiga
Tropical and Subtropical Grasslands, Savannas and Shrublands
Temperate Grasslands, Savannas and Shrublands
Montane Grasslands and Shrublands
Montane Grasslands and Shrublands
Tundra
Mediterranean Forests, Woodlands and Scrub
Deserts and Xeric Shrublands
Mangroves

b. The dark zone represents 40-42.6°N
c. The grey lines in the same vegetation zone suggest ecological zones
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Figure 3.2 Vegetation of NE Asia under LGM climatic conditions, modified from Ray and Adams (2001)
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Notes:
a. Codes of vegetation types, according to the
database http://anthro.unige.ch/lgmvegetation/download_page_js.htm by Ray and Adams (2001)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Tropical rainforest
Monsoon or dry forest
Tropical woodland
Tropical thorn scrub and scrub woodland
Tropical semi-desert
Tropical grassland
Tropical extreme desert
Savanna
Broadleaved temperate evergreen forest
Montane tropical forest
Open boreal woodlands
Semi-arid temperate woodland or scrub
Tundra
Steppe-tundra
Polar and alpine desert
Temperate desert
Temperate semi-desert
Forest steppe
Montane mosaic
Alpine tundra
Subalpine parkland
Dry steppe
Temperate steppe grassland
Taiga
Lakes and open water
Ice sheet and other permanent ice

b. The dark zone represents 40-42.6°N
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Figure 4.2 Locations of weather stations used in the dissertation
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Figure 5.1 Maps of growing season (GROWC) in NE Asia under modern and LGM climatic
conditions (unit: month)
Note: MOD = under modern climatic conditions; LGM = under LGM climatic conditions; apply
to all maps in this dissertation
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Figure 5.2 Maps of Effective Temperature (ET) in NE Asia under modern and LGM climatic
conditions (unit: °C)
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Figure 5.3 Maps of Temperateness (TEMP) in NE Asia under modern and LGM climatic
conditions (unit: °C)
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Figure 5.4 Maps of coefficient of variation of monthly rainfall array (CVRAIN) in NE Asia under
modern and LGM climatic conditions

279

Figure 5.5 Maps of snow accumulation (SNOWAC) in NE Asia under modern and LGM climatic
conditions
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Figure 5.6 Maps of net above-ground productivity (NAGP) in NE Asia under modern and LGM
climatic conditions (unit: g/m2/year)
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Figure 5.7 Maps of primary biomass (BIO5) in NE Asia under modern and LGM climatic
conditions (unit: g/m2/year)
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Figure 5.8 Maps of expected moderate body-size ungulate biomass (EXPREY) in NE Asia under
modern and LGM climatic conditions (unit: kg/km2)
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Figure 5.9 Fine-grain map of expected moderate body-size ungulate biomass (EXPREY) in NE
Asia under LGM climatic conditions (unit: kg/km2)
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Figure 5.10 Maps of population density supported by ungulate resources alone (TERMH2) in NE
Asia under modern and LGM climatic conditions (unit: persons/100km2)
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Figure 5.11 Maps of population density supported by plant resources alone (TERMG2) in NE
Asia under modern and LGM climatic conditions (unit: persons/100km2)
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Figure 5.12 Maps of population density based on the Minimalist Terrestrial Model (TERMD2) in
NE Asia under modern and LGM climatic conditions (unit: persons/100km2)
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Figure 5.13 Maps of terrestrial model percentage dependence upon terrestrial animals
(TERMHNT2) in NE Asia under modern and LGM climatic conditions
Note: the negative values in the high latitude and W. Tibet are produced because of issues in
functions to calculate the LGM extreme values and they can be read as the values > 80%, as well
as those >100%.
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Figure 5.14 Maps of terrestrial model percentage dependence upon terrestrial plant food
(TERMGTH2) in NE Asia under modern and LGM climatic conditions
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Figure 5.15 Maps of terrestrial model expected subsistence bias (SUBSPX2) in NE Asia under
modern and LGM climatic conditions
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Figure 5.16 Maps of expected percentage of hunting using ethnographically known
hunter-gatherer cases (WHUNTP) in NE Asia under modern and LGM climatic conditions
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Figure 5.17 Maps of expected percentage of gathering using ethnographically known
hunter-gatherer cases (WGATHP) in NE Asia under modern and LGM climatic conditions
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Figure 5.18 Maps of expected percentage of aquatic resource use using ethnographically known
hunter-gatherer cases (WHUNTP) in NE Asia under modern and LGM climatic conditions
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Figure 5.19 Maps of projected HG subsistence specialty (SUBSPE) in NE Asia under modern and
LGM climatic conditions
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Figure 5.20 Maps of projected HG population density (WDEN) in NE Asia under modern and
LGM climatic conditions (unit: persons/100km2)
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Figure 5.21 Maps of HG GROUP1 size (EXGRP1) in NE Asia under modern and LGM climatic
conditions (unit: person)
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Figure 5.22 Maps of HG GROUP2 size (EXGRP2) in NE Asia under modern and LGM climatic
conditions (unit: person)
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Figure 5.23 Maps of HG GROUP3 size (EXGRP3) in NE Asia under modern and LGM climatic
conditions (unit: person)
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Figure 5.24 Maps of expected mobility distance with year round camp to camp mobility pattern
(EXDMOV1) in NE Asia under modern and LGM climatic conditions (unit: mile)
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Figure 5.25 Maps of projected unpacked and packed HG subsistence specialty (UPSUBSPE &
D1PSUBSPE) in NE Asia under LGM climatic conditions
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Figure 5.26 Maps of projected unpacked and packed HG subsistence specialty (UPSUBSPE &
D1PSUBSPE) in NE Asia under modern climatic conditions

301

SUBSPE

UPSUBSPE

D1PSUBSPE

Legend

MOD

1=hunting
2=gathering
3=fishing

LGM

Figure 5.27 Cross-variable plot graphs of ET, LWDEN and subsistence specialization, including SUBSPE, UPSUBSPE, and
D1PSUBSPE under modern and LGM climatic conditions
Note: using ET=12.75°C, ET=15.25°C, and log 10 9.098 as thresholds
LWDEN = log 10 WDEN
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SUBSPE

UPSUBSPE

D1PSUBSPE

Legend

MOD

1=hunting
2=gathering
3=fishing

LGM

Figure 5.28 Cross-variable plot graphs of latitude, LWDEN and subsistence specialization, including SUBSPE, UPSUBSPE, and
D1PSUBSPE under modern and LGM climatic conditions
Note: using latitude 42.6°N and log 10 9.098 as thresholds
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339 H-G output file

Under modern climatic conditions, NE
Asia (east to 73.6ºE)

Under LGM climatic conditions, NE
Asia (east to 73.6ºE)

Legend

1: hunting
2: gathering
3: fishing

Figure 5.29 Cross-variable plot graphs of effective temperature (ET) and the value of expected distance moved annually (EXDMOV1)
defining subsistence specialty (unit of EXDMOV1: mile).
Note: using ET=12.75°C, ET=15.25°C, and EXDMOV1=200 as thresholds
Data source: 339 H-G Output file (Binford & Johnson, 2014)
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Figure 5.30 Cultural-ecological zones in northeast Asia
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Figure 6.1 Archaeological sites on the map of expected moderate body-size ungulate biomass (EXPREY) in NE Asia, especially showing
the Transbaikal, the PSHK, and Northern China
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Note:
Site numbers on the map (sites 8-10 are very close)
Phase I site
1 Shiyu
2 Xiaonanhai
3 Chaisi
4 Longwangchan
5 Youfang
6 Xishi

Phase II sites
7 Xiachuan
8 Shizitan Loc. S5
9 Shizitan Loc. S14
10 Shizitan Loc. S29
11 Erdaoliang
12 Dadiwan Component 4
13 PY-03
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PSHK sites
14 Kashiwadai-1
15 Ogonki-5

Figure 6.2 Five sub-regions of microblade assemblages in N. China, using EXPREY map under LGM climatic conditions
(modified from Xie, 2000)
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Legend

Figure 7.1 Maps of Effective temperature (ET) on the Japanese Archipelago under LGM and modern climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend :

Figure 7.2 Maps of growing season (GROWC) on the Japanese Archipelago under LGM and modern climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend

Figure 7.3 Maps of Net above-ground productivity (NAGP) on the Japanese Archipelago under LGM and modern climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend

Figure 7.4 Maps of primary biomass (BIO5) on the Japanese Archipelago under LGM and modern climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend

Figure 7.5 Maps of expected moderate body-size ungulate biomass (EXPREY) on the Japanese Archipelago under LGM and modern
climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend:

Figure 7.6 Maps of terrestrial model expected subsistence bias (SUBSPX2) on the Japanese Archipelago under LGM and modern
climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend

Figure 7.7 Maps of projected HG subsistence specialty (SUBSPE) under LGM and modern climatic conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Legend

Figure 7.8 Maps of projected unpacked and packed HG subsistence specialty (UPSUBSPE & D1PSUBSPE) on the Japanese
Archipelago under modern climatic condition
Note: Left: unpacked (UPSUBSPE); Right: packed (D1PSUBSPE)
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Legend

Figure 7.9 Maps of projected HG population density (WDEN) on the Japanese Archipelago under LGM and modern climatic
conditions
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
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Figure 7.10 Sites mentioned in the case study of E. Siberia and its adjacent regions
Note:
Sites associated with early pottery
1
2
3
4
5
6
7
7
9
10
11
12
13

Khummi
Gasya
Goncharka 1
Gromatukha
Chernigovka 1
Ustinovka 3
Ust-Karenga 12
Studenoe 1
Ust-Menza 1
Houtaomuga
Shuangta
Yamikhta
Knyaze Volkonskoe 1

Other sites*
14
15
16
17
17
19
20
21
22
23
24
25

Dyuktai Cave
Ust-Timpton I
Zhokov Island sites
Ushki Lake sites
Avacha localities
Mamakan sites
Ogon'ki
Mayorych
Kongo
Siberdik
Yana RHS
Berelekh

* They may be associated with pottery, but I have not found evidence
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Figure 7.12 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
Effective Temperature (ET) in E. Siberia and its neighboring regions under LGM and modern
climatic conditions
Note: MOD = under modern climatic conditions; LGM = under LGM climatic conditions;
apply to all maps in this dissertation
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Figure 7.13 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
growing season (GROWC) in E. Siberia and its neighboring regions under LGM and modern
climatic conditions
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Figure 7.14 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of net
above-ground productivity (NAGP) in E. Siberia and its neighboring regions under LGM and
modern climatic conditions
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Figure 7.15 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
primary biomass (BIO5) in E. Siberia and its neighboring regions under LGM and modern
climatic conditions
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Figure 7.16 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
secondary biomass (expected moderate body-size ungulate biomass, EXPREY) in E. Siberia and
its neighboring regions under LGM and modern climatic conditions
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Figure 7.17 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
terrestrial model percentage dependence upon terrestrial animals (TERMHNT2) in E. Siberia and
its neighboring regions under LGM and modern climatic conditions
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Figure 7.18 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
terrestrial model expected subsistence bias (SUBSPX2) of E. Siberia and its neighboring regions
under LGM and modern climatic conditions
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Figure 7.19 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected subsistence specialty (SUBSPE) in E. Siberia and its neighboring regions under LGM
and modern climatic conditions
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Figure 7.20 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected percentage of gathering (top), hunting (middle) and fishing (bottom)
Note: Left: under LGM climatic conditions; Right: under modern climatic conditions
Legend
WGATHP

WHUNTP

327

WFISHP

Figure 7.21 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected hunter-gatherer population density (WDEN) in E. Siberia and its neighboring regions
under LGM and modern climatic conditions
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Figure 7.22 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
expected population density in the Minimalist Terrestrial Model (TERMD2) under modern
climatic conditions
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Figure 7.23 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected unpacked and packed HG subsistence specialty (UPSUBSPE & D1PSUBSPE) in E.
Siberia and its neighboring regions under modern climatic conditions
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Figure 7.24 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected total distance moved from camp to camp mobility pattern (EXDMOV1) of E. Siberia
and its neighboring regions under LGM and modern climatic conditions
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Figure 7.25 Archaeological sites dated to Pleistocene-Holocene transition in N. China

1
2
3
4
5
6
7
8
9
10
11
12
13

PNT sites
Nanzhuangtou
Zhuannian
Donghulin*
Lijiagou
Bianbiandong
Kengnan
Yujiagou
Ma'anshan
Hutouliang
Mengjiaquan
Jijitan
Xueguan
Lingjing

LUP sites
14 Shizitan
15 Xiachuan
16 Longwangchan
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17
18
19
20
21

Other sties
Xishi
Shuidonggou Loc.12
Dadiwan, Component 4
Gezishan
PY-04

Figure 7.26 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
effective temperature (ET) in N. China under LGM and modern climatic conditions
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Figure 7.27 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
growing season (GROWC) of N. China under LGM and modern climatic conditions
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Figure 7.28 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of net
above-ground productivity (NAGP) in N. China under LGM and modern climatic conditions
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Figure 7.29 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
primary biomass (BIO5) of N. China under LGM and modern climatic conditions
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Figure 7.30 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
secondary biomass (expected moderate body-size ungulate biomass, EXPREY) of N. China under
LGM and modern climatic conditions
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Figure 7.31 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected unpacked and packed HG subsistence specialty (UPSUBSPE & D1PSUBSPE) in N.
China under LGM climatic conditions
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Figure 7.32 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected HG population density (WDEN) of N. China under LGM and modern climatic
conditions
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Figure 7.33 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
expected distance of residential movement per year of hunter-gatherers (EXDMOV1) in N. China
under LGM and modern climatic conditions
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Figure 7.34 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
expected HG group size in northern China under LGM climatic conditions
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Figure 7.35 Archaeological sites dated to the Pleistocene-Holocene transition on the maps of
projected unpacked and packed HG subsistence specialty (UPSUBSPE & D1PSUBSPE) in N.
China under modern climatic conditions
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Figure 7.36 Archaeological sites dated to the Pleistocene-Holocene transition on the map of
EXDMOV2 (expected distance of residential movement per year of hunter-gatherers with central
location or who are primarily sedentary) in N. China under modern climatic conditions
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Figure 7.39 Archaeological sites on the Tibetan Plateau of possible Pleistocene age (see Table
7.14)
Note:
1
2
3
4
5
6
7
8
9
10
11
12
13

Su’re
Geting
Duogeze
Zhabu
Zhulele
Selincuo Lake Lingdongzade
Xiaochadan
Loc. 93-13
Quesang
Lenghu Loc. 1
Heimahe Loc. 1
Jiangxigou Loc. 1
Loc. 151*

14
15
16
17
18
19
20
21

Yantaidong
Xiadacuo
Loula Reservoir site
Gouhou Loc.001
Xiadawu
Dongjicuona Lake Loc.1-5
Luhuo Xialatuo Loc. Yimu & Yaba
Nyade

* near the Qinghai Lake, covered by numbers of other sites)
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Figure 7.40 Archaeological sites on the Tibetan Plateau dated to early Holocene
Legend

Note:

1
2
3
4
5
6
7

Epipaleolithc sites
Jiangxigou, Loc.2
Canxionggashuo
Xiqiongda
Jiaokao
Gaqiong
Guwoda
Yejiugou, Loc.1
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8
9
10
11
12

Neolithic sites
Jiaritang
Changguogou
Karuo
Qugong
Xiaoenda

Figure 7.41 Weather stations on the Tibetan Plateau

Figure 7.42 Archaeological sites of possible Pleistocene age on the map of terrestrial model
expected subsistence bias (SUBSPX2) on the Tibetan Plateau under LGM climatic conditions
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Figure 7.43 Archaeological sites of possible Pleistocene age on the map of terrestrial model
expected subsistence bias (SUBSPX2) on the Tibetan Plateau under LGM climatic conditions,
using EXPREY as reference

Figure 7.44 Archaeological sites suggested of possible Pleistocene age on the map of expected
distance of camp-to-camp mobility (EXDMOV1) under LGM climatic conditions
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Figure 7.45 Epipaleolithic and Neolithic sites on the map of effective temperature (ET) on the
Tibetan Plateau under modern climatic conditions

Figure 7.46 Epipaleolithic and Neolithic sites on the map of growing season (GROWC) on the
Tibetan Plateau under modern climatic conditions
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Figure 7.47 Epipaleolithic and Neolithic sites on the map of net above-ground productivity
(NAGP) on the Tibetan Plateau under modern climatic conditions

Figure 7.48 Epipaleolithic and Neolithic sites on the map of primary biomass (BIO5) on the
Tibetan Plateau under modern climatic conditions
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Figure 7.49 Epipaleolithic and Neolithic sites on the map of expected moderate body-size
ungulate biomass abundance on the Tibetan Plateau under modern climatic conditions

Figure 7.50 Epipaleolithic and Neolithic sites on the map of mobility of expected mobility
distance with year round camp to camp mobility pattern (EXDMOV1) on the Tibetan Plateau
under modern climatic conditions
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Figure 7.51 Epipaleolithic and Neolithic sites on the map of terrestrial model expected
subsistence bias (SUBSPX2) under modern climatic conditions

Figure 7.52 Epipaleolithic and Neolithic sites on the map of terrestrial model percentage
dependence upon terrestrial animals (TERMHNT2) under modern climatic conditions
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APPENDIX B
Principal sites whose data are used in this dissertation

This appendix lists 22 archaeological localities containing microblade assemblages. Most of
them are located in China (n=19), listed here because most of these archaeological data are
unknown to English-speaking archaeologists. In order to keep to the original data given in
Chinese archaeological reports, this document does not combine the data of similar artifact types.
However, to avoid confusion in Chinese-English translations, notes are added in the two tables in
the following pages prior to introducing the archaeological localities.
To fully show variability among microblade assemblages, this document also includes 3
important sites in Siberia and Japan. For archaeologists who are interested in NE Asian databases
on microblade assemblages beyond China, several sources are recommended, notably Kimura
(1999a), Jang (2007), and Tsutsumi (2003).
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Terminology used in the appendix, in Chinese and English
Chinese

English

整形石片

Adjusting flake

石锛
石砧
石镞
石锥
石斧
琢背小刀/琢背刀
石叶
石叶石核
小石叶
小石叶石核
毛坯
断块
断片
雕刻器
碎屑
砍砸器/砍斫器
普通石核
石核
鸡冠状细石叶
盘状石核
石钻
端刮器
石片
残片
琢锤
磨制工具
石锤

Adze
Anvil
Arrow
Awl
Axe
Backed knife
Blade
Blade core
Bladelet
Bladelet core
Blank
Broken chunk
Broken flake
Burin
Chip
Chopper
Common cores
Core
Crested microblade
Disk-shaped core
Drill
Endscraper
Flake
Flake fragment
Grind hammer
Ground stone tool
Hammerstone

崩片

Hit flake

石刀
人工搬运石块
细石叶
细石核
磨石
磨棒

Knife
Manuport rock
Microblade
Microcore
Milling stone
Millstick

Notes
This term is used in the archaeological report
of the Shuidonggou, Loc. 12. This kind of
flake is produced during the preparation of
microcores. It is always thin and long.

Large shatter unconsciously produced during
percussion

A general name for ground stone
Elongated -shape millstone
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磨盘
凹缺刮器/凹缺器
砾石
杵/槌
手镐

Millstone
Notch
Pebble
Pestle
Pick

尖状器

Point

石块
石锯
刮削器

Rock
Saw
Scraper

砺石

Sharpening stone

边刮器
削片
石球
裂片
使用石片

Sidescraper
Spall
Spheroid
Split flake
Used flake

In Chinese, it is disk-shaped millstone

In Chinese, the term point only means a
pointed artifact (i.e., one that comes to a tip at
one end). Not necessarily a projectile tip.

In Chinese archaeological documents, this
term has never been defined; sometimes it is
the same as a milling stone

Types of microcores
Chinese English

Notes

角锥形

Angle-conical

Similar to semi-conical microcores

船底形

Boat-shaped

块状

Chunk-shaped

Microcores using an irregular blank

圆柱形

Column

Similar to the prismatic microcores

锥形

Conical

扁平形

Flat-shaped

漏斗状

Funnel-shaped

柱状

Prismatic

半锥状

Semi-conical

楔形

Wedge-shaped

Note: contents of some assemblages have been listed in tables of Chapters 6 and 7; for detailed
dates see tables in Chapter 6 and 7.
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Longwangchan Loc. 1
Province and Country: Shaanxi, China
Location: 580 meters north to the Longwangchan village, Yichuan County. It is located on the
second terrace on the western bank of the Yellow River
Longitude and Latitude: 36.1521 N, 110.4342 E
Layer: Layers 4-6; mainly from Layers 4 and 5
Time range: 21-26 ky C14 BP
Temporo-spatial framework in the dissertation: Phase I  Phase II, southern continent
Years of fieldwork: 2003, 2004 survey, 2005-2009 excavation (7 seasons)
Excavation area: NA
Sample size: >30,000 lithic artifacts
Function: NA
Reference: Xiao-Qing Wang (2014, 2017); Xiao-Qing Wang and Zhang (2016); Yin and Wang
(2007); J.-F. Zhang et al. (2011)
Content:
Artifacts:
According to Xiao-Qing Wang (2014), more than 30,000 lithic artifacts include microcores (1%),
microliths (1%, including scrapers, endscrapers, points, and burins), rocks (31%), flake
fragments (1%), blades (2%), chips (27%), flakes (18%), chunks (19%)
Microcore types include conical, semi-conical, wedge-shaped, prismatic, and boat-shaped
A few ground stone tools: shovels, millstones, and some items for grinding pigment
A few shell artifacts
The majority of raw materials of microliths, microcores, and microblades are chert and quartz.
Features
More than 20 fire-use features* in Layers 4 and 5, including 4 fire-use features in the upper part
of Layer 4.
Ecofacts
A few faunal remains, no species data available

* In Chinese, the term “fire-use features” means the features associated with charcoal stains,
burned earth, or others.
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Xishi
Province and Country: Henan, China
Location: south to the Xishi village, Daye Town, Dengfeng, Zhengzhou, Henan Province
Longitude and Latitude: 34.4441 N, 113.2223 E
Layer: Layer 2c (the Lower Cultural Level)
Time range: c. 22 ky uncal. BP
Temporo-spatial framework in the dissertation: Phase I  Phase II, southern continent
Years of fieldwork: Excavation 2010
Excavation area: 8557
Sample size: about 66 m2
Function: Lithic workshop according to the original document
Reference: Gao (2011)
Content:
Artifacts
8557 lithic artifacts: 26 pieces of chert raw materials, 10 cores, 62 blade cores, 3 microcores, 2
hammerstones, 904 flakes, 227 blades, 82 microblades, 18 sidescrapers, 14 endscrapers, 3
notches, 2 burins, 1 tip-shaped tool, 2910 chunks, 4293 flake fragments
3 Microcores: irregular, prismatic, irregular conical; all made of grey chert
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Dongshi
Province and Country: Henan, China
Location: the west ditch of the Dongshi Village, Daye Town, Dengfeng, Zhengzhou City, Henan
Province
Longitude and Latitude: 34.4454 N,
113.2273 E
Layer: the upper cultural level
Time range: c. 22 ky C14 BP (Same to the Xishi site)
Temporo-spatial framework in the dissertation: Phase I  Phase II, southern continent
Years of fieldwork: Excavation in 2013
Excavation area: 25 m2
Sample size: 2584 (2564 classified)
Function: Lithic workshop according to the original document
Reference: Zhao (2015)
Content:
Artifacts:
(A) 2559 chert artifacts, including:
(1) 45 preliminary preparation blanks, including 2 pieces of raw material, 7 blade cores, 17
bladelet cores, 16 microcores, 3 modified cores
(2) 2374 middle-stage products, including
i: flakes and blade spalls, including 114 spall-type crested blades, 193 maintained platforms,
300 maintained flakes, 518 others
ii: 294 flake fragment
iii 587 chunks
iv 368 chips
(3) 142 secondary preparation products, including
i 134 leaf-shaped blanks (20 blades, 80 bladelets, 34 microblades)
ii 8 tools, including 1 sidescraper, 3 endscrapers [type A], 4 endscrapers [type B, modified
tools])
(B) 5 lithic artifacts made of quartz sandstone, including 1 flake, 2 flake fragments, 2 chunks
(C) 20 chips
13 microcores: 5 prismatic, 1 semi-conical, 7 narrow-body microcores
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Donghulin
Province and Country: Beijing, China
Location: the third terrace of the north bank of Qingshuihe River, western Donghulin Village,
Zhaitang Town, Mentougou District, Beijing
Longitude and Latitude: 39.98 N, 115.7267 E
Layer: 5 cultural groups
Time range: Group 1: 8480-7910 BC [10500~9500 ya cal. BP]
Temporo-spatial framework in the dissertation: Phase IV, southern continent
Years of fieldwork: 2001-2006 excavations (4 seasons)
Excavation area: >270 m2
Sample size: >15765 lithic artifacts
Function: settlement
Reference: Cui (2010)
Content:
Lithic artifacts (including stone artifacts and pigments)
For the microcore types/subtypes see the note in the next page.
Group 1: 671 artifacts, including: 473 chunks, 128 pebbles, 1 core chunk, 16 flakes, 12
sidescrapers, 1 endscraper, 3 knives, 2 shouldered shovel-shaped tools, 1 saw, 1 chopper, 1
lithic tool with cutting marks, 9 microblades, 2 chips, 2 ground stone tool blanks, 2 ground
end-edge tools, 1 semi-manufactured product, 6 millsticks, 2 millstones, 3 sharpening stone,
2 unnamed ground stone tools, 2 column-shaped artifacts, 2 pendants, 1 pigment
Group 2: >2800 artifacts, including: 2221 chunks, 481 pebbles, 3 common cores, 4 core chunks,
44 flakes, 3 hit flakes, 11 sidescrapers, 1 point, 4 knives, 3 notches, 2 choppers, 5
hammerstones, 2 microcores, 2 microblades, 2 micro-side-edged tools, 1
micro-pointed-edged tool, 2 ground stone tool blanks, 2 ground hit flakes, 2 ground stone
tool chunks, 3 millsticks, 12 millstone, 9 sharpening stones, 1 umbrella-shaped artifact, 3
unnamed (ground) tone tools, 1 pigment
2 microcores, one conical, one irregular-shaped, both made of chert
2 microblades, both made of chert
Group 3: >1600 artifacts, including: 19 cores, 4 disk-shaped cores, 177 flakes, 2 notches, 43
sidescrapers, 19 endscrapers, 3 drills, 7 burins, 2 points, 7 choppers, 2 pestles, 14
hammerstones, 3 spheroids, 5 anvils, 898 chunks, 186 pebbles, 54 chips, 10
micro-side-edged tools, 5 microcores, 86 microblades, 3 core flakes, 12 millsticks, 13
millstone, 7 ground tool blanks, 6 ground stone tools, 4 hit flakes, 12 sharpening stone, 1
ornament, 1 pierced tool
6 microcores: all chert, including 4 in subtype AI, 1 in subtype AIV, and 1 in subtype BIII
86 microblades: all chert, including 50 complete, 12 proximal, 7 medial, 9 distal, 1 incomplete
at its right side, 6 uncertain.
Group 4: 5844 artifacts, including: 4210 chunks, 346 pebbles, 41 cores, 3 disk-shaped cores, 4
double ventral flakes, 493 flakes, 80 sidescrapers, 64 endscrapers, 3 notches, 28 points, 5
burins, 3 drills, 16 choppers, 5 burned rocks, 2 knives, 8 spheroids, 10 hammerstones, 3
anvils, 74 microcores, 2 microcore blanks, 16 retouched core-flakes, 1 crested microblade,
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277 microblades, 33 micro-side-edged tools, 5 micro-pointed-edged tools
72 microcores and microcore blanks. Most of them are made of chert, except some made of tuff.
They include: 4 blanks in type A, 17 microcores in subtype AI, 11 microcores in subtype AII,
4 microcores in subtype AIII, 5 microcores in subtype AIV; 6 blanks in type B, 11
microcores in subtype BI, 7 microcores in subtype BII, 3 microcores in subtype BIII, and 3
microcores in type C.
272 microblades include 208 complete, 36 proximal, 16 medial, 12 distal
Group 5: about 4850 artifacts, including: 339 pebbles, 3641 chunks, 76 chips, 23 cores, 4
disk-shaped cores, 296 flakes, 71 sidescrapers, 45 endscrapers, 5 burins, 14 points, 2 arrows,
2 drills, 3 knives, 5 saws, 9 choppers, 6 hammerstones, 1 spheroid, 1 anvil, 40 microcores, 1
crested microblade, 152 microblades, 26 micro-side-edged tools, 3 micro-pointed-edged
tools, 18 retouched core-flakes, 5 end-edged ground stone tool blanks, 4 end-edged ground
stone tools, 2 pierced tools, 21 millstone, 13 millstick, 13 sharpening stone, 6 hit flakes, 1
circular flake, 3 pigments
40 microcores includes 23 microcores in the type A (22 microcores made of chert, and 1 made
of tuff), 16 microcores in type B, and 1 microcore in type C (made of chert).
153 microblades: most of them are made of chert and a few of them made of tuff. 1 of the
microblades is a crested microblade. 152 common microblades include 91 complete, 36
proximal, 11 medial, 13 distal, and 2 incomplete.
Other artifacts:
Sherds, bone tools, clamshell tools
Features:
14 ash piles, 9 pits, about 10 surface features with burning trace, 2 living floors (rooms?)
Ecofacts:
Faunal remains see the case study of N. China in Chapter 7
Note:
Classification system of the microcores at the Donghulin site by Cui (2010)
Type
Type A
Subtype AI: prismatic
AII: conical
AIII:
semi-conical
AIV: irregular

Type B
BI: with clear bottom and back edge
BII: flat or acute bottom with modified back edge
BIII: only back edge left due to microblade removal
from the front an back edges
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Type C
Boat-shaped

Xiachuan
Province and Country: Shanxi, China
Location: >16 localities can be divided into 5 regions, including the Lishan region (Dayao [2100
m], Liushuiyao [1500 m]), the Gulong region (Chaoshenshan, Biegailing, Shishuling [900 m]),
the Suoquanling region (Huoshiping, Xiaojianshan [1500-1600 m]), the Dongchuan region
(Youfanggeliang, the brick factory south to the Xizhuang village, hillshide neighboring Songjia
of Yangcheng [1530 m]), and the Xiachuan region (Shuijingbei, Tanglishugeliang,
Xiaobeigeliang, Fuyihegeliang, Niulu, Heilongchi [on the second terrace of the Xiachuan Basin,
1580 m])
Longitude and Latitude: 35.4425 N, 112.0153 E
Layer: NA
Time range: 23-16 ky C14 BP
Temporo-spatial framework in the dissertation: Phase II, southern continent
Years of fieldwork: survey and excavation in 1970s
Excavation area: NA
Sample size: about 1800 lithic artifacts
Function: NA
Reference: J. Wang, Wang, and Chen (1978); J. Wang and Wang (1991); Y.-R. Wang (1993,
2004); Y.-R. Wang and Wang (1998)
Content:
1800 artifacts were categorized as two groups:
(1) Small size lithic artifacts, including 300 microcores; 490 flakes (85 micro-size, 101
thin-long, 304 common); 22 backed knives (5 triangle, 1 oblique-edged with shoulder, 5
rectangle, 5 beak-shaped, 6 with retouched edge); 17 burins (12 oblique-edged, 4
ridge-shaped, 1 beak-shaped); 84 points (7 bifacial, 3 flat-bottom three-edged, 58 small-size
three-edged, 8 wide-pointed, 3 thin-long, 5 micro-size); 13 arrows (9 round-bottom, 4
pointed-bottom); 545 scrapers (40 long-body round-headed, 342 short-body round-headed,
10 two-end round-headed, 44 concave-edged, 50 round-edged, 59 flat-edged); 217 core-type
tools (including 40 oblique-edged scrapers, 27 flat-edged scrapers, 133 round-edged scrapers,
8 double round-edged scrapers, 8 lithic artifacts using edge and tip as functional parts, 1
bifacial-edged scraper); 14 awls; 4 point-round-headed scrapers; 9 saws
(2) Big size lithic artifacts, including 11 cores, 50 flakes, 1 point, 7 adze-shaped tools, 1
oval-shaped scraper, 4 straight-edged scrapers, 5 choppers, 2 pestles, 1 sharpening stone, 3
millstones
300 microcores: 100 conical, 51 semi-conical, 25 wide wedge-shaped, 9 narrow wedge-shaped,
10 prismatic, 24 funnel-shaped, 81 “one-platform or multi-platform”
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Xueguan
Province and Country: Shanxi, China
Location: about 1 km west to the Xueguan village, Pu County, Shanxi Province; the left bank of
the Xinshui River
Longitude and Latitude: 36.45 N, 111 E
Layer: NA
Time range: 13550±150 C14 BP (the only datum)
Temporo-spatial framework in the dissertation: Phase III, southern continent
Years of fieldwork: discovery in 1964, survey and test excavation in 1979, excavation in 1980
Excavation area: NA
Sample size: 4777 lithic artifacts
Function: NA
Reference: Ding (2004, 2009); Xiang-Qian Wang, Ding, and Tao (1983); Ye (1993)
Content:
Artifacts
4777 lithic artifacts: 240 microcores, 110 microblades, 570 flakes, 3630 irregular flakes, 189
scrapers (16 straight-edged, 6 half-moon-shaped, 12 convex-edged, 9 multi-edged, 3
turtle-shaped, 143 end-edged), 29 points, 4 burins, 2 backed knives, 1 axe-shaped artifact, 2
hammerstones
240 microcores: 19 wedge-shaped, 53 boat-shaped, 10 semi-conical, 5 conical-like, 4
funnel-shaped, 149 irregular
Fauna
Some mammal fossils, no further detailed information

Note: According to my observations, most of straight-edged scrapers might be spalls of
wedge-shaped microcores, and some of other types of scrapers might be blanks of microcores.
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Youfang
Province and Country: Hebei Province, China
Location: about 500 m south to the Youfang village, Yangyuan County
Longitude and Latitude: 40.2333N, 114.6833 E
Layer: Layer 3
Time range: 26-29 ka (OSL)
Temporo-spatial framework in the dissertation: Phase I, south continent
Years of fieldwork: discovered in 1984, test excavation in 1986
Excavation area: 28 m2 excavation pit
Sample size: More than 3000 stone artifacts
Function: NA
Reference: Nian, Gao, Xie, Mei, and Zhou (2014); Xie and Cheng (1989)

Content:
Artifacts:
697 recorded lithic artifacts:
72 cores (40 single-platform, 27 multi-platform, and 5 disk-shaped), 475 flakes (188 wide-type,
287 long-type), 13 microcores (2 wide-body wedge-shaped, 6 narrow-body wedge-shaped, 2
boat-shaped, 3 prismatic), and 92 microblades/blades, as well as 45 tools, including: 4
choppers, 7 points, 2 point-scraper, 20 scrapers, 3 burins, 2 backed knives, 1 drill, 6
hammerstones
2675 chunks and broken flakes
Features
Features include burned areas and artifact concentrations. More than 20 burned areas are found in
Cultural Layers 4 and 5. 4 burned areas in the upper part of Layer 4 are distributed in one level.
Lithic artifact concentrations are associated with the burned areas.
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Shizitan, Loc. S5
Province and Country: Shanxi, China
Location: 300 m east to the Shizihe village, Dongcheng Town, Ji County; the excavation area
located at the first and the second terraces on the left bank of the Qingshuihe River
Longitude and Latitude: 36.0464 N, 110.5872 E
Layer: 4 cultural layers (mainly Layers 2-4)
Time range: according to 5 AMS C14 data on fossils and charcoal,
Cultural Layer 1:10430～10288 cal. BP（68.2%）
Cultural Layers 2-4: around 20000 cal. BP
Temporo-spatial framework in the dissertation: Phase II (mainly) and Phase III  Phase IV,
southern continent
Years of fieldwork: discovery in 2009, excavation in 2010
Excavation area: 800 m2
Sample size: 1812 artifacts and fossils, as well as 1 human tooth
Function: NA
Reference: Song and Shi (2016)
Content:
Artifacts:
1606 lithic artifacts:
Cultural
Layer

Distribution

Core

Flake

Microcore

Microblade

1

In 20 m2

1

11

1

2

Southwest to
hearths H1
and H2; in
40 m2
Southeast to
the hearth
H3; in 70 m2

2

169

6

In 15 m2

5

3

4

Chip

Tool

Total

1

Chunk/
broken
flake
21

157

194

36

141

397

1 scraper, 1
endscraper
5 scrapers, 1
endscraper

74

83

278

59

215

2 choppers, 1
burin, 3
scrapers, 2
endscrapers
4 scrapers, 3
endscrapers

113

83

3

5

757

377

Cultural Layer 1
1 microcore: made of black chert, funnel-shaped
1 microblade: made of black chert
Cultural Layer 2
6 microcores: all made of black chert, all boat-shaped
36 microblades: 16 complete, 12 proximal, 4 medial, 4 distal. They belong to 7 colors of chert,
five of which are same as those of microcores in the same cultural layer.
Cultural Layer 4
3 microcores: all made of black chert, all boat-shaped (keeled)
5 microblades: 4 complete, 1 medial, all made of black chert
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Features
3 fire-use features are in Cultural Layers 2 and 3. Their structure is simple, and their surfaces
are circular with diameters 0.5-0.8 m, without clear boundaries. Charcoal fragments are in
burned dirt. Abundant artifacts and ecofacts are distributed around the fire-use features.
Fauna
Every cultural layer possesses faunal remains, but most of them are fragmentary, highly
weathered, and poorly preserved. Animals which can be identified include:
Cultural Layer 1: Equidae (1 right lower molar), Cervidae (4 left lower molars)
Cultural Layer 2: Cervidae (1 lower molar)
Cultural Layer 3: Equidae (1 P1, 1 P2, 3 left upper molar, 1 right M3), Cervidae (1 right upper
molar, 2 molar fragments, 1 left incomplete astragalus, 1 metatarsus [distal])
Cultural Layer 4: Cervidae (1 metacarpal [distal], 1 phalanx)
Most of Equidae and Cervidae bones and teeth should belong to adult individuals
Human remain
Cultural Layer 3: 1 left upper incisor, unearthed from the bottom of H3’s southern part in the
third cultural layer.
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Shizitan, Loc. S9
Province and Country: Shanxi, China
Location: 150 m north to the Gaolouhe village, Baishansi Town, Ji County; on the second terrace
of the right bank of lower reach of the Qingshuihe River
Longitude and Latitude: 36.0452 N
110.5600 E
Layer: Layers 1, 3, 4, and 5
Time range: 20,000-10,000 BP
Temporo-spatial framework in the dissertation: Phase II and Phase III, southern continent
Years of fieldwork: excavations in 2001, 2002, and 2005
Excavation area: from earlier 13 m2 to later 25 m2
Sample size: 1652 picked and 394 sieved artifacts
Function: NA
Reference: Shi and Song (2010)
Content:
Artifacts and ecofacts
1652 hand-picked and 394 sieve-retrieved artifacts as well as ecofacts, listed in the following
table:
Layer
Layer 1
Layer 3

Sample size
4 picked
3 sieved
113 picked

Layer 4

54 sieved
1515 picked

3650 sieved
Layer 5

727 picked

1219 sieved

Content
3 flakes, 1 chunk
3 lithic artifacts
90 lithic artifacts, including: 48 flakes, 10 microblades, 8 chunks, 7
broken flakes, 5 chips, 6 tools, 1 used flake, 5 rocks
9 fossils, 2 clamshells, 12 burned bones
19 fossils, 25 burned bones
1119 lithic artifacts, including: 20 cores, 472 flakes, 6 microcores, 120
microblades, 95 chunks, 116 broken flakes, 223 chips, 33 tools, 15
used flakes, 13 rocks, 6 millstones
121 fossils, 265 burned bones, 10 clamshells
305 lithic artifacts, 1051 fossils, 2278 burned bones, 5 clamshells, 11
egg shells
439 lithic artifacts, including: 4 cores, 195 flakes, 2 microcores, 14
microblades, 29 chunks, 11 broken flakes, 118 chips, 15 tools, 51
rocks
63 fossils, 225 burned bones
67 lithic artifacts, 224 fossils, 928 burned bones

8 Microcores: 2 prismatic, 2 conical, 3 wedge-shaped, 1 chunk-shaped (using a flake with
cleavage plane as the blank)
144 microblades: 44 complete, 63 proximal, 26 medial, 11 distal. The majority of microblades are
made of chert with different colors. The specimen S9:405 is the only microblade made of grey
quartzite.
Bone and clamshell artifacts
68 bone artifacts with scratches
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3 clamshell ornaments among 12 complete and incomplete clamshells.

Feature
There is a fire-use feature in Layer 3.
Fauna
695 faunal remains in total, including 193 fossils and 502 burned bones. Most of them are
fragments. The preliminary identification results are listed below:
1. Mammalia
Rodentia: Myospalax fontanieri, including skull bones, vertebrae, limb bones, pelvis,
pubis, and phalanges. MNI = 2
Lagomorpha: including teeth and incomplete limb bones.
Carnivora: including limb bones, canine roots, and premolars
Artiodactyla: Gazella, including 2 horn cores, limb bones, and teeth. MNI = 2.
2. Aves
Struthio sp.: ostrich eggshells and pierced ornaments
Unknown species: several limb bones, including an ornament made of cut limb bone
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Shizitan, Loc. S14
Province and Country: Shanxi, China
Location: 1 km south to the Xijiaotou Village, Dongcheng Town, Ji County, Shanxi Province;
northern bank of Qingshuihe River (a branch of the Yellow River)
Longitude and Latitude: 36.0394 N, 110.5110 E
Layer: 4 cultural layers, most artifacts in Layers 2-4
Time range: according AMS dates of burned bones, Cultural Layer 2: 18611-17901 cal. BP;
Cultural Layer 3: 21150-19550 cal. BP; Cultural Layer 4: 23021-22353 cal. BP (All of the
above dates are with 95.4% reliability)
Temporo-spatial framework in the dissertation: Phase II, southern continent
Years of fieldwork: excavations in 2000, 2002, 2003, 2005
Excavation area: 25 m2
Sample size: 4421, including 1643 lithic artifacts, 2776 fossils, and 2 incomplete clamshells.
Function: open air temporary camp in situ (Cultural Layer 2)
Reference: Shi, Song, and Yan (2002); Song and Shi (2013)
Content:
1643 lithic artifacts in the following table:
Cultural
Layer

Distribution

1
2

3

In and around
fire-use features
in 2 m.

4

Within the center
of the hearth
S14H9
Within the center
of the hearth
S14H40

Under 4

Core

Microcore

Microblade

Flake/
chunk

chunk/
broken
flake

chips

1
1

20

59

1
217

94

2
495

1

4

25

114

76

95

2

16

31

14

151

1

9

69

29

62

1

1

Tool

19 scrapers, 7
endscrapers, 4
points, 1
backed knife,
1 millstone
6 scrapers, 2
points, 2
backed knife,
1 millstone
1 endscraper, 1
point, 1
millstone
2 scrapers, 1
millstone
2 scrapers

Total

4
919

326

217

173

4

Microcores:
20 microcores in Cultural Layer 2: all of them made of chert (at least from 11 types of raw
materials in terms of color), all of them boat-shaped, including 3 blanks, 1 produced by
modifying the percussion face, and 16 complete microcores.
4 microcores in Cultural Layer 3: all of them made of chert (4 types of raw materials), all of
them boat-shaped, including 1 blank and 3 complete microcores.
3 microcores in Cultural Layer 4: all of them made of chert, all of them boat-shaped, including
2 blanks from the lithic artifact group with the center of the hearth S14H9, and 1 microcore
from the lithic artifact group with the center of the hearth S14H40
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Microblades:
59 microblades from Cultural Layer 2: all of them made of chert (13 types of
including 27 complete microblades.
25 microblades from Cultural Layer 3: all of them made of chert (11 types of
including 14 complete microblades.
16 microblades from the group with the center of the hearth S14H9 Cultural
them made of chert (7 types of raw materials)
9 microblades from the group with the center of the hearth S14H40 Cultural
them made of chert (4 types of raw materials)
1 microblade under Cultural Layer 4

raw materials),
raw materials),
Layer 4: all of
Layer 4: all of

Fauna
2776 fossils were unearthed, and most of them were in Cultural Layers 2-4. Most of the faunal
remains are fragmentary, and the identifiable ones belong to:
Ovis, including 14 molars, 14 premolars, 2 incisors, 1 radius (proximal), 1 left mandible
(with 2 molars), 1 humerus head, 1 tibia (proximal), 1 second phalanx (distal), 1
vertebrae.
Cervidae, including 1 left metacarpal, 1 right metacarpal (distal), 1 first phalanx
Bovidae, including 1 axis, 1 thoracic vertebra
Equidae, including 1 left second metatarsus
Rodentia: many specimens, covering almost every anatomical part
Mollusca, including two incomplete shells, species unknown
Feature
17 fire-use features in total
The features S14H1-H10 are in Cultural Layers 1-4, which are inferred as one-time used
features (hearths). Everyone is concentrated and surrounded by abundant lithic artifacts
and fossils.
The features S14H11-H17 are in the layers under Cultural Layer 4. Some of burned dirt are
concentrated, while some of them spread over the whole excavation area. Fossils and
artifacts are also found associated with the fire-use features.
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Shizitan, Loc. S29
Province and Country: Shanxi, China
Location: about 500 m east to the Shizihe village, Baishansi Town, Ji County; on the second
terrace of the Qingshuihe River; S5 and S29 being divided by the river
Longitude and Latitude: 36.0513 N, 110.5910 E
Layer: Layers 1-8; depositional gap between Layer 1 and Layers 2-7
Time range: according to 41 AMS C14 dates on charcoal and bones,
Layer 1: 13152-12852 cal. BP
Layers 2-7: 24500-18000 cal. BP
Layer 8: 28524-27925 cal. BP (no microblade or microcore)
Temporo-spatial framework in the dissertation: Phase I  Phase II, Phase III, southern
continent
Years of fieldwork: 2009 excavation
Excavation area: 1200 m2
Sample size: 80527, including 74735 lithic artifacts, 5749 faunal remains, 23 clamshell artifacts,
and 20 ornaments made of ostrich eggshells
Function: According to the original report, the distribution of 285 one-time fire-used features
suggests this locality was a temporary camp, but the dissertation argues that they may suggest
several short-time social gatherings.
Reference: Song and Shi (2017)
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Content:
Artifacts
74735 lithic artifacts are listed in the table below:
Layer

Core

Flake

Microcore

Microblade

Chip

Tool

109

Chunk/
broken
flake
427

1

3

264

7

2578

64

358

651

543

800

24

187

748

347

37

2456

129

723

3268

3847

5

24

1657

85

607

2797

1819

6

6

922

54

802

1158

2660

7

100

2379

23

2489

6679

30923

8

6

94

42

11

6 scrapers, 11
points, 5
endscrapers
18 scrapers, 9
points, 25
endscrapers, 1
drill, 2
millstones
3 scrapers, 7
points, 1
endscraper
137 scrapers,
20 points, 67
endscrapers, 3
burins, 3 drills;
millstones
96 scrapers, 3
points, 64
endscrapers, 1
burin
30 scrapers, 4
points, 13
endscrapers, 4
burins
100 scrapers,
65 endscrapers,
4 burins, 2
backed knives,
2 drills, 3
milling stones,
5 millstones, 11
retouched
blades
11 scrapers, 2
milling stones

2

11

930

3

3

4
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others

Total

3410

2612

2120

1
hammerstone

10691

7153

1 raw material,
1 blade

5655

3
hammerstones,
2 corehammerstones,
31 blades

42928

166

Types and raw materials of microcores:
Layer
1
2

Raw materials
All black chert
All chert

Types
All boat-shaped
All boat-shaped

Total
7
64

3
4

All boat-shaped
All boat-shaped

24
129

All boat-shaped

85

6

All chert
128 chert, 1 other metamorphic
rock
81 chert, 4 other metamorphic
rocks
All chert

40 boat-shaped, 14 conical

54

7

All chert

Majority are semi-conical, semi-prismatic,
prismatic

23

5

Types and raw materials of microblades:
Layer
1
2
3
4
5
6
7

Raw materials
All chert
All chert
179 chert, 8 other metamorphic rocks
721 chert, 2 others
540 chert, 1 quartzite, 66 metamorphic rocks
795 chert, 7 other metamorphic rocks
2468 chert, 18 other metamorphic rocks, 3
quartzite

Complete
48
285
138
424
349
394
2489

Proximal
33
49
32
161
173
246
1244

Medial
14
4
3
57
40
89
868

Distal
14
20
14
81
45
73
200

Total
109
358
187
723
607
802
177

Fauna
Mammals:
Cultural Layer 8: only Megaloceros ordosianus bones
Cultural Layer 7: Megaloceros ordosianus (61.07%), another Cervidae (9.16%), Equidae
(29.77%)
Cultural Layers 2-6: dominated by Bovidae and Equidae; Cervidae (Cultural Layer 6: 20%;
Cultural Layer 5: 0%; Cultural Layer 4: 49%; Cultural Layer 3: <15%; Cultural Layer 2:
0%)
Cultural Layer 1: Cervidae (78.95%), Bovidae, and Equidae
Mollusca:
22 incomplete clamshells without human modification are unearthed from Cultural Layers
2-5; 5 fragments from the area near the 41st fire-use feature in Cultural Layer 4 can be
refitted as a complete shell. The clamshells can be identified as Arcidae, Scapharca
kagoshimensis, and Veneridae
Features
285 in situ fire-use features (hearths) have been unearthed. They are distributed in Cultural
Layers 1-7 (except Cultural Layer 8), ranging from 3 to 94 per layer. Most of them were
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used only once. The area of the features is commonly less than 1 m2, while several are more
than 4 m2. These features can be classified into 4 types:
Type 1: Above-ground hearth, n=265 (92.98%)
Type 2: Above-ground hearth with sandstone rocks, n=13 (4.56%), including 2 in Cultural
Layer 6, 4 in Cultural Layer 5, 6 in Cultural Layer 4, 1 in Cultural Layer 2
Type 3: Round-pit hearth, n=5 (1.76%), including 4 in Cultural Layer 5 and 1 in Cultural
Layer 2
Type 4: Hearth with stone-floored pit, n=2 (0.7%), 1 in Cultural Layer 3 and 1 in Cultural
Layer 2
Environment and Vegetation Reconstructed from pollen
Cultural Layer 8: warm and wet, with forests
Cultural Layer 7: still warm and wet but toward cold and dry, steppe distributed in forests
Cultural Layers 6-2: obviously dry and cold, forming desert-steppes
Cultural Layer 1: become warming, forest vegetation recovered
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Erdaoliang
Province and Country: Hebei, China
Location: about 1900 m southwest to the Cenjiawan village, Datianwa Town, Yangyuan County,
Hebei Province; about 600 m northwest to the Sanggan River; on the upper part of the third
terrace of the Sanggan River
Longitude and Latitude: 40.2244 N, 114.6525 E
Layer: Layers 3 and 5
Time range: Around 18 ky uncal. BP
Temporo-spatial framework in the dissertation: Phase II, southern-northern continent
transition zone
Years of fieldwork: Discovery and excavation in 2002
Excavation area: 24 m2
Sample size: 1915 lithic artifacts, 1 bone tool
Function: Temporary camp (?)
Reference: G. Li (2008)
Content:
Artifacts
1915 lithic artifacts, including: 2 hammerstones, 21 cores, 473 flakes, 133 horizontal broken
flakes, 33 longitudinal broken flakes, 129 chunks, 282 flake fragments, 626 chips, 1 piece of
gravel, 12 burin flakes, 125 microblades (62 complete, 63 incomplete), 15 boat-shaped
microcores, 3 scrapers, 1 backed knife, 7 burins, 52 undescribed lithic artifacts
15 microcores are boat-shaped
144 refitting groups
In addition, one carefully polished bone awl (existing length: 15.7 cm, diameter max: 1.5 cm)
Ecofacts
100 fossils were unearthed, and 20% of them eroded. 5 fossils are identified as Aves, and 95
fossils are identified as Caprinae. 28 of them were burned, and 4 of them show chopping or
cut mark traces.
The preliminary identification suggests that species include Procapra gutturosa and Neomithes.
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Kashiwadai-1
Province and Country: Chitose City, Hokkaido, Japan
Location: on a paleo-dune formed from reworked Spfa-1 tephra along the Chitose River at an
altitude of 13 m asl.; in the Ishikari Lowland in the western part of central Hokkaido.
Longitude and Latitude: 42.8178 N, 141.6819 E
Layer: NA (most of artifacts from survey)
Time range: 22,550-18,800 C14 BP based on 26 AMS C14 dates (earlier dates are rejected)
Temporo-spatial framework in the dissertation: Phase II, northern Island (the PSHK)
Years of fieldwork: survey in 1997 and excavation in 1998
Excavation area: NA
Sample size: 3420 lithic artifacts
Function: NA
Reference: Izuho (2013); Tsutsumi (2003)
Content:
1. Tsutsumi (2003)
Artifacts
3420 lithic artifacts, including 626 microblades, 5 microcores (Rankoshi and Pirika types, see
Fig. 2.3), 2 sidescrapers, 13 endscrapers, 4 burins, 1 hammerstone, 16 anvils, 11 retouched
flakes, 40 blades, 2631 flakes, 1 core, 27 gravel pieces, 1 lithic artifact, 42 minerals
Features
7 lithic concentrations
2. Izuho (2013)
159 lithic specimens recovered from a concentration in block excavation A, including blades,
microblades, platform-forming spalls, and flakes
32,822 lithic specimens recovered from 14 concentrations in block excavation B.

374

Fukui Cave
Province and Country: Nagasaki Prefecture, Kyushu, Japan
Location: a sandstone cave overlooking the Fukui River, Sasebo City
Layer: Layer 2, 3, and 4
Longitude and Latitude: 33.289 N, 129.6918 E
Time range: 12,700±350 C14 BP (Layer 3), 12,400±350 C14 BP (Layer 2)
Temporo-spatial framework in the dissertation: Phase III, southern Island (Paleo-Honshu)
Years of fieldwork: excavation in 1950s
Excavation area: NA
Sample size: NA
Function: NA
Reference: Tsutsumi (2003)
Content:
Lithic artifacts:
No quantitative data available
Layer 4: microblades, microcores, sidescrapers, endscrapers, edge-polished stone axes, bifacial
points
Layer 3: microblades, microcores, sidescrapers
Layer 2: microblades, microcores, sidescrapers
Sherds
Sherds found in Layers 3 and 2
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Shuangta
Province and Country: Jilin Province, China
Location: a loess hill north to the third commune of the Shuangta village, Deshun Monggu Town,
Taobei District, Baicheng, Jilin Province
Longitude and Latitude: 45.3946 N, 122.9519 E
Layer: Layer 2, and Layer 3 (very thin) (Period I)
Time range: 7,000-9,600 C14 BP
Temporo-spatial framework in the dissertation: Phase IV, northern continent
Years of fieldwork: discovery in 1960, excavation in 2007
Excavation area: 1419 m2
Sample size: 222 ceramic artifacts, 102 lithic artifacts, 97 bone and antler artifacts, and 13 shell
artifacts
Function: central camp
Reference: L.-X. Wang, Jin, Duan, and Tang (2013) Kunikita, Wang, Onuki, Sato, and Matsuzaki
(2017: Table 1); M. Zhang (2011)
Content:
Artifacts
A. 222 ceramic artifacts, including 10 types of vessels, 3 types of sherds (including 3 sherds
decorated with human face), and 3 types of small artifacts
B. 102 lithic artifacts, including:
66 microlithic artifacts: 26 scrapers, 3 arrows, 5 points, 1 awl, 1 burin, 1 drill, 1 drill-scraper,
6 lithic edges modified from microblades (chert), 5 cores, 6 microblades (all medial, made
of chert), 11 flakes
36 ground stone artifacts, including: 1 adze, 1 axe, 4 millstones, 5 millsticks, 22 sharpening
stones, 1 net sinker, 1 small spheroid, 1 jade ring
In addition, 1 axe, 2 millsticks, and 1 drill were discovered in the Agric Horizon
C. 80 bone and antler artifacts, including: 51 bone awls, 8 antler awls, 2 bone spoons, 9 fish dart,
2 spindle-shaped tools, 3 spindle-shaped tool fragments, 1 bone arrow, and 4 incomplete bone
tools
17 pieces of bone and antler raw material
D. 13 shell artifacts, including pierced circle artifacts, 1 knife, 1 spoon, 2 pierced ornaments, 1
ring, 1 spiral shell ornament, 1 circle-shaped ornament, 4 incomplete clamshells
Feature
6 pits, 2 trenches, 14 postholes, 2 sherd piles, 1 burial
Fauna
There are 31,419 faunal specimens in Period I units, including 29,524 vertebrate bones and
teeth, and 1,859 invertebrate exoskeletons. In vertebrate remains, Number of Identified
Specimens (NISP) is 18,030, the most of which are hare and pheasant, distributed in almost
every unit of the site, the highest densities being in the eastern and central western parts of
Area II. Invertebrate, consist of 1,865 exoskeletons of bivalves (excluding shells without
umbo), and 30 gastropods. Information of species and minimum number of individuals are
shown in the following table.
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Scientific name

Anatomic
part

Number
(left/ right)

MNI

Percent
(%)

Bison

Bos gaurus

pro. humerus

L3, R 3

3

0.43

Wolf

Canis lupus

mandible

24

3.41

Dog

Canis lupus familiaris

mandible

L 23, R 10, L+R
1
L 2, R 1

2

0.28

Roe deer

Capreolus pygargus

mandible

L 10, R 10

10

1.42

Deer

Cervidae

antler

3 (mismatch)

3

0.43

Red deer

Cervus elaphus

antler

2

0.28

David’s deer

Elaphurus davidanus

antler

L 1, R
1(mismatch)
R1

1

0.14

Asiatic wild ass

Equus hemionus

calcaneus

L 2, R 5

5

0.71

Felid

Felidae

mandible

L 1, R 0

1

0.14

Badger

Meles meles

mandible

L 4, R 8

8

1.14

Raccoon dog

mandible

L 8, R 4

8

1.14

Przewalski’s gazelle

Nyctereutes
procyonoides
Procapra przewalskii

horn

L 3, R 1

3

0.43

Boar

Sus scrofa

dist. humerus

L 4, R 6

6

0.85

Arvicolinae

Arvicolinae

mandible

L 0, R 2

2

0.28

Tolai hare

Lepus tolai

humerus

L: 38, L dist.190

228

32.39

Yellow weasel

Mustela sibirica

mandible

L 5, R 6

6

0.85

Transbaikal zorkor

Myospalax psilurus

skull

5

5

0.71

Myospalax sp.

Myospalax sp.

skull

8

8

1.14

Sewer rat

Rattus norvegicus

mandible

L 5, R 5

5

0.71

Desman

Scaptochrius moschatus

mandible

L 2, R 2

2

0.28

Animal
Vertebrates

Spermophile dauricus

Spermophilus dauricus

mandible

L 2, R 2

2

0.28

Ring-necked pheasant

Phasianus coichicus

coracoid

L 247, R 245

247

35.09

Other birds

Aves

humerus

44

6.25

Batrachia

Anura

humerus

Form
morphology
L 15, R 17

17

2.41

Crucian

Carassius auratus

pharyngeal

L 3, R 4

4

0.57

Snakehead

Channa argus

dentary

L 30, R 32

32

4.55

Grass carp

pharyngeal

0.28

pharyngeal

L 1, R 1, tooth 1
(mismatch)
L 17, R 17

2

Carp

Ctenopharyngodon
idellus
Cyprinus carpio

17

2.41

Catfish

Silurus spp

dentary

L 6, R 7

7

0.99

Nonvertebrates
Oyster

Unio douglasiae

L 893, R 1012

1012

91.5

Spear clam

Lanceolaria gladiola

L 33, R 22

33

3.0

Plicata

Cristaria plicata

L 30, R 31

31

2.8

Bellamya

Bellamya purificata

24

24

2.2

Pakistan snail

Fruticicolidae.sp

5

5

0.4

Cowrie

Monetaria moneta

1 (as decoration)

1

0.1
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Dyuktai Cave
Province and Country: Yakutia, Russia
Location: Middle and Lower Lena River Basin, Eastern Siberia; on the right bank of the Dyuktai
River and 112 km from its confluence with the Aldan River
Longitude and Latitude: 59.25 N, 132.67 E
Layer: Stratum 7a-c, 8, and 9
Time range: Layer 7: 12-13.2 kya
Temporo-spatial framework in the dissertation: Phase III, northern continent
Years of fieldwork: Found and excavated in 1967-1970, 1980 and 1992
Excavation area: area of 317 m2 with cave front and inside were unearthed
Sample size: more than 150 tools unearthed / 316 other artifacts according to Kimura (1999) and
Mochanov and Fedoseeva (1996), but original data need further review.
Function: NA
Reference: Kimura (1999); Mochanov and Fedoseeva (1996)
Content:
Kimura (1999)
Artifacts
50 cores including wedge-shaped microcores (type a, bifacially prepared and then platform
produced) and their blanks, microblades, burins, scrapers, side scrapers, skreblo* with
blanks for microcore and bifaces.
Industries of every one of strata show no fundamental differences.
Numbers of blades and tools on blades are few.
Bifacial tools (points) represent a peculiarity of this industry.
Ecofacts
Faunal remains are common through 5 cultural layers.
1,180 pieces of mammoth bones (more than other fauna); especially in Stratum 8.
Other fauna: Reindeer, blue fox, moose, bison, horse, wolf, bird, and fish
Mochanov and Fedoseeva (1996)
Artifacts
Three levels: 316 implements and fragments of various blade cores, burins, and projectile
points. A bone awl-like tool and a hammer made of reindeer antler were also recovered.
Ecofacts
Faunal remains included mammoth, reindeer, wolf, and other small animals, but evidence of
human activity seems to be restricted to butchering the mammoth remains that were found.
* The Russian term skrebo is sidescraper. However, Kimura (1999: 8-9) distinguishes this type of
artifact as a group of types with complete modification by secondary retouch which alter their
forms. He also argues that skrebo is a specific type of Siberian sidescraper, including unifacial
and bifacial types.
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Jijitan
Province and Country: Hebei, China
Location: on the south back of the Sanggan River, about 100 m north to the Jijitan village,
Majuanpu Town, Yangyuan County
Longitude and Latitude: 40.1 N, 114.4333 E
Layer: Layers 3 and 4
Time range: 11000-9000 years ago (expected, according to comparison with the Hutouliang site
group in terms of both lithic industry and sediments)
Temporo-spatial framework in the dissertation: Phase III  Phase IV, southern-northern
continent transition zone
Years of fieldwork: 1986 discovered, 1987-1989 excavation
Excavation area: NA (three excavation blocks)
Sample size: 2304 (studied), >10,000 in total
Function: NA
Reference: Xie and Li (1993)
Content:
Artifacts
Among the >10,000 lithic artifacts, chunks and chips are the majority. The 2304 studied artifacts
include 103 freehand percussion cores, 6 bipolar flakes, 121 microcores, 707 freehand
percussion flakes, 468 flake fragments, 452 microblades, 51 spalls, 1 chopper, 103 scrapers, 11
points, 14 endscrapers, 7 burins, 2 awls, 1 arrow point, 8 spear head, 21 adze-shaped tools, 228
notches
121 Microcores: 117 wedge-shaped, and 4 irregular
The wedge-shaped microcores can be divided into two types,
Type A: using flakes, broken flakes, or slab-shaped chunks as blanks. N=13.
Type B: blanks with prepared platform, furtherly divided into 3 subtypes:
(1) Wide type: n=84, including 14 blanks, 16 initial stage cores, 14 middle stage cores, 31
late -stage cores, and 9 discarded cores
(2) Narrow type: n=9
(3) Short type: n=11, including 3 blanks.
452 microblades: two-thirds of them are incomplete
51 spalls: all detached from Type B wedge-shaped microcores
Lithic raw materials are dominated by colorful and high-quality quartzite, followed by black
hornfels. A few artifacts are made of chert and agate. These materials have been found in the
pebbles of the Sanggan terraces.
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Hutouliang
Province and Country: Hebei, China
Location: on the second terrace of the left bank of middle reach of the Sanggan River near the
Hutouliang Village; about 10 km to the Nihewan Village. The Hutouliang site group is
composed by 9 localities: 65039 (Yujiagou), 65040, 72117 (Hutouliang), 73101, 73102
(Ma’anshan), 73103, 73104, 73105, and 73106.
Longitude and Latitude: 40.1652 N
114.4908 E (Loc. 72117)
Layer: NA
Time range: around 11 ky C14 BP
Temporo-Spatial framework in the dissertation: Phase III, southern-northern continent
transition zone
Years of fieldwork: excavations from 1972 to 1974
Excavation area: NA, artifacts from the 9 localities by Pei Gai
Sample size: 5098 artifacts, fauna (number unknown)
Function: NA
Reference: Zhu (2006)
Content:
Artifacts
17 cores (5 bipolar, 2 simple, 3 disk-shaped, 7 prismatic), 444 microcores, 3294 flakes (696
complete, 2598 incomplete), 230 blades, 350 microblades, 29 spalls, 37 crested blades, and 302
rocks, as well as 395 tools, including 3 choppers, 265 scrapers, 71 points, 20 burins, 20 awls,
16 notches
Note: some artifacts might be bifacial microcore blanks, some scrapers and other types might be
microcores after removing spalls, and some single-straight-edged scrapers might be spalls.
444 microcores, all wedge-shaped:
Type I with edge-shaped platforms, n=128
Subtype IA, core length is twice of its height. n=119
Subtype IB, core height is twice of its length. N=9
Type II with flat platforms, n=316
Subtype IIA’s platform made by the way of longitudinal striking, n=277
Subtype IIB’s platform made by crosswise striking, n=39
Stages: 154 in the preparation stage, 213 in the detaching stage, 71 in the intermediate stage,
and 6 in the discard stage.
Raw materials of the microcores include breccia, siliceous rhyolite, quartzite, jasper, agate,
dacite, obsidian and crystal, among which breccia and siliceous rock are more common.
350 microblades: 181 proximal, 79 medial, 23 distal, 67 complete
Fauna
Unknown amount of fossils were unearthed, but most of them are fragmentary. The prilimary
identificaiton suggests that species include Anura, ostrich (eggshells), Lasiopodomys
brandtii (?), Spermophilus dauricus, Myospalax fontanieri, Cricetinae, Canis lupus, Equus
ferus, Equus hemionus, Cervidae, Bovidae, Procapra przewalskii, Gazella subgutturosa,
Damaliscus lunatus, and Sus scrofa. Fossils of Coelodonta antiquitatis and Palaeoloxodon?
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namadicus (Elephas namadicus) were found near the localities sharing same stratigraphy of
artifacts at the Hutouliang site.
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Lingjing
Province and Country: Henan, China
Location: west to the Lingjing Town, Xuchang County, Henan Province
Longitude and Latitude: 34.0667 N, 113.6833 E
Layer: Layer 5
Time range: 11847-13854 C14 BP (based on 19 C14 data)
Temporo-spatial framework in the dissertation: Phase III, southern continent
Years of fieldwork: excavations from 2008 to 2013
Excavation area: 90 m2
Sample size: 587 microliths, 1449 non-microliths
Function: NA
Reference: C.-L. Du (2013); Z.-Y. Li, Li, and Kato (2014); Z.-Y. Li et al. (2018)
Content:
Artifacts:
Lithic artifacts
82 microcores: 1 wedge-shaped, 3 boat-shaped, 36 angle-conical, 14 flat-shaped, 19
semi-column/column, 9 semi-conical/conical
187 microblades, 45 complete, 142 incomplete; 179 microblades are made of chert, 3 made of
agate, 1 made of siliceous rock, 3 made of siliceous limestone, and 1 made of quartz
280 microliths (tools), including 84 endscrapers, 16 sidescrapers, 5 notches, 7 backed knives, 6
burins, 5 burin flakes, 3 points, 27 wedge-shaped tools, 1 notch, 5 awls, 1 arrow point, and
120 flakes with the secondary retouch*. 82.5% of them are made of chert, 11.8% made of
quartz, and 5.7% made of siliceous rock and siliceous limestone.
According to the Master thesis of Du (2013), there are 1449 non-microlithic artifacts, including
9 cores, 47 flakes (38 complete and 9 incomplete), 3 anvils, 58 scrapers, 4 burins, 11 points,
2 choppers, 1 awls, 3 spheroids, 1 pick, 1 handaxe, 685 chips, 574 chunks
Other artifacts
In addition to lithic artifacts, sherds, bird statue(s), fossils, ostrich eggshells, pierced ostrich
eggshell ornaments, and ocher were also unearthed from the Layer 5
* in Chinese, it refers to the further retouching after a flake was modified as a tool. It also could
be use-wear retouch.
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Lijiagou, northern area
Province and Country: Henan, China
Location: about 200m west to the Gangpo village (Lijiagou natural village), Yuecun Town,
Xinmi City; on the second terrace of the east bank of the Chunban River (the upper reach of
Zhenshui River)
Longitude and Latitude: 34.5597 N, 113.5236 E
Layer: the upper cultural level (Layers 4-6)
Time range: 8500-10200 cal. BP (AMS, Layers 4-6)
Temporo-spatial framework in the dissertation: Phase IV, southern continent
Years of fieldwork: discovery in 2004, excavation in 2009
Excavation area: >10 m2
Sample size: 466 lithic artifacts, 167 sherds
Function: the upper cultural layer is associated with rock concentrations (Layer 6), suggesting
prehistoric foragers made tools and processed food
Reference: He et al. (2013)
Content:
Artifacts:
Lithic Artifacts
466 lithic artifacts mainly were unearthed from Layers 4-6.
Layer 4: 74 artifacts, including: 8 flakes, 1 core, 3 sidescrapers, 1 chopper, 44 chunks, 7
broken/split flakes, 1 microlith, 9 manuport rocks
Layer 5: 79 artifacts, including: 8 flakes, 7 cores, 4 sidescrapers, 37 chunks, 2 broken/split
flakes, 21 manuport rocks
Layer 6: 313 artifacts: 28 flakes, 18 cores, 11 sidescrapers, 2 choppers, 1 millstone, 3 millstone
blanks, 2 anvils, 5 hammerstones, 174 chunks, 11 broken/split flakes, 3 microliths, 55
manuport rocks
1 microcore from Layer 4, made of fine-grained white chert, wide-platform prismatic
3 microblades, including 2 distal and 1 medial, all made of chert
1 millstone from Layer 6, made of quartz sandstone
Manuport rocks: most of them are flat-shaped rocks. They are large sandstones or quartz
sandstones. Some of them have burning traces. All of them come from primary rock formations
nearby.
Sherds
A total of 167 sherds have been unearthed from Layers 3-6 in the northern area of the Lijiagou
site. Most of them are from Layers 5 and 6.
Fauna
In Layers 4-6, 167 faunal remains were recorded. 142 specimens were identified to anatomical
parts, and 95 specimens were identified to species. 47 burned bones were recorded. Among the
fossils of Cervidae, most of them are from small species. The specimens of Aves mainly are
eggshells*. They include:
3 from Layer 4: 3 Cervidae
39 from Layer 5: 5 Carnivora, 21 Cervidae, 9 Artiodactyla, 3 Aves, 1 Unionidae
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53 from Layer 6: 2 Carnivora, 26 Cervidae, 2 Caprinae, 4 Suidae, 1 Bovidae, 10 Artiodactyla,
1 Leporidae, 1 Equidae, 2 Rodentia, 4 Aves

Feature
Irregular semi-ring-shaped rock concentrations were found in Layer 6, which were associated
with lithic artifacts, burned rocks and bones, and sherds. Some bones were with clear
cut-marks, suggesting that people processed animal resources.

* no further information available on how many eggshells and bones are among the specimens of
Aves.

384

Lijiagou, southern area
Province and Country: Henan, China
Location: about 200m west to the Gangpo village (Lijiagou natural village), Yuecun Town,
Xinmi City; on the second terrace of the east bank of the Chunban River (the upper reach of
Zhenshui River)
Longitude and Latitude: 34.5597 N, 113.5236 E
Layer: Layer 4 (microlith cultural layer)
Time range: 10,300-10,500 cal BP (AMS, 3 charcoal samples in Layer 4)
Temporo-spatial framework in the dissertation: Phase III  Phase IV, southern continent
Years of fieldwork: discovery in 2004-2006 and excavation in 2006
Excavation area: 16 m2
Sample size: 22 in Layer 3 (12 lithic artifacts and 10 faunal remains), 819 in Layer 4 (725 lithic
artifacts, 90 faunal remains, and 4 burned bones)
Function: NA
Reference: Zhao et al. (2013)
Content (Layer 4 only):
Artifacts:
725 lithic artifacts, including 8 microcores, 11 microblades, 29 cores, 114 complete flakes, 43
broken/split flakes, 45 sidescrapers, 4 endscrapers, 1 burin, 1 backed knife, 1 arrow point, 1
chopper, 330 chunks, 87 flake fragments, 23 manuport rocks, 27 pieces of raw material
8 microcores: 6 boat-shaped, 2 prismatic; all made of black-brown chert
11 microblades: 9 complete, 2 incomplete, all black-brown chert

Fauna
90 faunal remains, 4 burned bones. Prelimary identification suggests that 34 specimens are
Cervidae, 8 are Bovidae, 5 are Equidae, 6 are Carnivora, 2 are Suidae, 2 are Rodentia, 10 are
Aves, 1 is Unionidae. The other 17 specimens are limb bone or tooth fragments, which were
not identified in terms of species. The MNIs of the species are: 3 large-size Cervidae, 2
middle-size Cervidae, 2 Equidae, 2 Bovidae, 2 Carnivora, 1 small-size Cervidae, 1 Aves, 1
Susidae, and 1 Unionidae.
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Shuidonggou, Locality 12 (SDG12)
Province and Country: Ningxia
Location: the Shuidonggou site is located at 28 km east to the Yinchuan City and in the east edge
of the Yinchuan Basin. SDG 12 is about 4 km to the Locality 1 (SDG1), and is located at the
second terrace of the Biangouhe River
Longitude and Latitude: 38.3278 N, 106.4969 E
Layer: Strata 3
Time range: 12-11 cal ka BP (the second half of the Younger Dryas and the initial Holocene)
Temporo-spatial framework in the dissertation: Phase III (terminal), southern continent
Years of fieldwork: discovery in 2005, excavations in 2007 and 2010
Excavation area: 12 m2
Sample size: 9020 lithic artifacts
Function: NA
Reference: Liu et al. (2008); Yi (2012); Yi, Bettinger, Chen, Pei, and Gao (2014); Y. Zhang et al.
(2013)
Content:
Artifacts:
Lithic artifacts
9020 lithic artifacts can be divided into five levels (L1-L5), but they belong to the same cultural
layer. They include:
46 freehand percussion cores, 82 bipolar cores, 95 microcores, 2421 freehand percussion flakes,
113 bipolar flakes, 1556 microblades, 198 adjusting flakes
13 first-type percussion tools (11 grind hammers, 2 hammerstones)
300 second-type percussion tools (212 sidescrapers, 21 endscrapers, 22 notches, 12 tooth-like
tools, 9 burins, 23 drills, 1 hafted knife
22 non-percussion tools (types including circular-shaped tool*, milling stone, incomplete
ground stone artifact, millstick, pestle)
4 unusual-shaped artifacts (two fragment of pierced circular artifacts and two undescribed
ground artifacts), 802 flake fragments, 1095 chunks, 1492 chips, 758 tiny flakes, 23 pieces
of raw materials
2421 freehand percussion flakes (1273 complete, 118 left split flakes, 144 right split, 547
proximal, 52 medial, 287 distal)
198 adjusting flakes (141 complete, 1 left split, 1 right split, 51 proximal, 1 medial, 3 distal)
1556 microblades (311 complete, 2 left split, 8 right split, 777 distal, 260 medial, 198 distal).
Percentages of dolomite from L1 through L5 are 44.4%, 41.6%, 52.7%, 51%, and 53.5%,
while those of chert are 22.2%, 50.4%, 36.3%, 38.2%, and 34.1%. Other materials include
metamorphic rock, agate, igneous rock, opal, quartzite, and others.
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95 microcores:
L1

L2
2
6

L3
5
7

L4
5
15

L5
2
6

Total
14
34

2
1

7
1
2

7
1

7
7
3

7
1
1

30
11
6

Blank
Wedge-shaped
(Semi-)conical
Prismatic
Boat-shaped

Raw materials
8 blanks are made of dolomite
23 microcores are made of dolomite, 7 of chert, 2
of quartzite, and 2 of metamorphic rocks
24 microcores are made of dolomite, 24 of chert, 1
of metamorphic rocks, 2 of agate

The technique to produce microblades from wedge-shaped microcores is the “Xiachuan
technique” (see Fig. 2.3).
In addition, more than 13,000 burned rocks: with the total weight 307 kg, unearthed from the
ash layers.
Bone artifacts
13 bone artifacts include 1 knife handle, 5 needles (1 complete, 4 incomplete), 1 spindle-shaped
artifact, 4 awls (incomplete), 2 unknown artifact fragments.
Fauna
1821 specimens are identified as 11 species, dominated by hare (Lepus sp., n=1045, 57.39% of
NISP) and Przewalski’s gazelle (Procapra przewalskii, n=404, 22.19%). Percentages of other
animals are less than 10%, including Meles meles (n=103), Felis microtus (n=2), Cervidae
(n=19), Sus sp. (n=5), Equus przewalskii (n=52), Bubalus sp. (n=124), Aves (n=53), Reptilia
(n=1), and other small mammals (n=13)

Vegetation and paleoclimate reconstruction based on pollen analysis
Based on pollen assemblages and percentages of pollen density based on 13 samples, three phases
can be identified:
Pollen
phase
III
II

Depth

Age
(kya)

0.1-1.1m
1.1-3.7m

1.1

Density
pollen
high
low

I

3.7-9.0m

4.7-1.1

middle

of

Vegetation type

paleoclimate

Arid steppe vegetation
Desert-steppe-savanna
vegetation
semi-arid
steppe-savanna
vegetation

Very dry
Relatively
warm
and humid
Mild tending to dry

* In the original document (Yi 2012: 61), the four functionally unknown artifact fragments might
be parts of circular-shaped artifacts.
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